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-TO 

The-JtiGHT Honourable 

H EN R Y, 

Earl of G A I N s ^ o R o u G H^ 

Vifcount C A M P D E N, ^C. &*€, 

My Lord, 

HAVING had the Honour to 
inftrud your Lordfhip in the 
Principles of Navigation, according to 
the Plan exhibited in thefe Sheets, »I 
humbly conqeive there is none to whom 
• I can with ib much Pibpriety addrefs 
them as to yourfelf. Permit me there- 
fore to lay them at your Lordfhip's 
Feet ; and to acknowledge^ in this pub- 



\ 



ii DEDICATION. 

•iilick Manner, the grateful S^nfe I fKall 
always retain of your Lordfliip*s gjceat 
Condefcenfion, and fingiiiar Favoilrs, 
conferred upon, ^ , 



My L O R D, 

Tour LoRDSHiP*s mofi Ohligedy 

Humble Servant ^ 



IL 



.( 

Deptfords 
McL}^ 1760. 



MuNGo Murray- 



^^t-'- ( i ) 



C O N T E N T S- 

C H A p. L 

Se«:t.L TTl EM ARKS on Multiplication and 
XV Divifion Page i 

II. Of Proportion, Antecedent, Ratio, and Con- 

feiquent . 5 

Of the Rule of Three 7 

III. Conftruction and Ufe of Logarithms 9 

IV. Of Gunter^s Lines 16 

CHAP. IL 

Sect. L Geometrical Definitions 20 

II. Geometrical Theorems 2 3 

III. Geometrical Problems 29 

IV. Of Sines, Tangents, and Secants 3^ 

CHAP. IIL 

S«CT. I. Conftruftion and Ufe of the Tgble of Na- 
tural Sines, Tangents, and Secants 43 
IL Of placing the three given Terms 47 
A Table of Proportions 50 

Trigonometry by Gunler*s Lines 52 
A Recapitulation of the whole 55 

CHAP. IV. 

5ect. I. Geographical Definitions 57 

II. Projeftion of the Sphere 63 

C H A l\ 



^^^^^ ( 2 ) ■=^^^" 

terms antecedent, confequent, and ratio, are explain- 
ed : here we have Ihewn that the equality of ra- 
tios i^ the effencial property of proportion, an4 that 
when four numbers are in a geometrical proportion, 
the produft of the extremes is equal to that of the 
means : hence, the reafon of the common operations J 
in the rule of three, by multiplication and divifipr^j 
becomes obvious. But when the numbers Gonfift o£ 1 
more than three or four places of figures, thofe ope- 
rations will be tedious i to remedy which, we have, 
in the third fedion, taught how they may be perform- 
ed very expeditioudy by the logarithms, and illuf- i 
trated lb much of the nature of thefe numbers, as is-l 
ncceflary fpr underftaxiding the principles upon 
which they are calculated ; And, in the fourth fefti- J 
00, we h^ve given the conftru£lion of Guntefs lines, J 
with their ufe in the folution of queftions, in multi-l 
plication, divifionj and the mle of three. I 

The elements of geometry are the fqbjed of t^e J 
ijscond chapter in fqur feftions : the firft concairisj 
the definitions i the fecond the theoretical part qfj 
geometry i and principallya that aldio* ^11 theangles of 1 
any plain triangle make i8o degrees, yet the chords, ] 
or any other lines which meafure thole degrees, are 1 
greater or lefs in different circles, in proportion toj ] 
the radius of each j and that in fimilar triangles, the I 
!fides about the equal angles are proportionals : Sq J 
that if in two fimilar triangles all the fides and ar^- i 
gles of one of them be known, and either one fide I 
^nd the angles, or two fides and one angle of any o- 
ther triangle be alfo known, the unknown parts of 
this other triangle may be found by the rule of 
tliree, which comprehends the whole doftrinc of 
trigonometry* The third feftion comprifes the 
practical part of geometry, particularly, the con- 
^ruftion and ufe of the line of chords* The fouri;h 
ieftion treats of fincs> tangentS| and (ccancs^ 
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tjttuB: fihtl foft^e rfitthod of defcribing Ae ctfcleg of 
,the fpherc in flam : (his is caUed the projection of 
-the fpherc, which, we \mvt exhibit^-d in the fccoM 
.ftiflior^ whereby the latituile& and longitudes of 
places ^re determined by pbifi riglit-an^d tri- 
angles. 

As all the mcf jdians incerfeCt one aROther in the 
poles upon the globe, they will meet in one point, 
when projefted on any ptanej as in land-maps^ and 
of coniequem-e, any fttait line will crofs them all, at 
Auiequal angles : but as th6 path a fliip defcribes or^ 
the Tea, by the direction of the compafs, makes e- 
Xpial angles With a!l tht meridians, there muft be 
ifome expedient found ^ reprefent them by pa- 
rallel lines- 

We have tiTereforc, in the fifth Chaj>ter^ (hewn 
.how to eonftruft the fea^chitrt^, in five feftions. 
In the firO:, the conftrudion and ufe of the plam 
.thart is explained, wherein tl^ meridians being re* 
prefented by parallel lines, the rhurhbs, wWch are 
.cxpreffcd by ftrait lints, Will crofs the meridians at 
equal angles, and confeqiicntFy, the diftance, difFe- 
rcnGc of iatitode, and depafture^ always conftitute a 
right-angled triangle on this chart ; but it is evi- 
dent, this tniift be very erroneous : for, on this pro- 
jedion, a decree in any parallel of latitude is equal 
t6 one on the equator. In the fccond feftion are 
^dcmonftrafcd die principles of Mfrf/i/sr's chart, and 
iliewn, the method of calculating Mr IVrighC^ table 
of meridional parts, and conftruSirtg the cliaEt by 
*thcm. The thirif fc^dlibn contains the contlnufliork 
of all the various cafes of plain and Menaior^s 
iailing, upon MercaUr^^ chart* The fourth fliev^ 
the manner of calculating the table of diiference of 
latitude and departure, and of working by it a 
day's work from tht log % this being what is aimed 
^ ^ by the whole lut of navigation^ all the preceding 
'': parts 
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Jtots being only preparatory hereunto. And the 
*fifth treats of parallel and middle latitude failing, 

Tho' the nature and reafon of the fcvtfral parti- 
culars taken notice of in thb introduiftion, are fully 
handled, and clearly dennonft rated, in the following 
IhcetSi yet, as the methods ufed for obtaining the 
neceflary data are very uncercain, the compafs itfclf, 
by which the courfe is directed, being fubjeft to 
Trariation, it is no wonder if the mariner often falls 
into very great errors, efpeciaUy with regard to the 
Jongitude j and indeed if the latitude could not be 
obtained by obfcrvation, navigation would become 
very precarious. 

In the 6th Chapter we have therefore Itiewn how 
to find the latitude and variation of the compals, by 
cceleftial obftrvation, all performed by right angled 
triangles, both geometrically and by calculation, with 
fomc remarks on the ufual manner of obferving by 
Davu^ and Hudky^s quadrant, and how to allow for 
the height of the eye above the horizon, 

I would not be underftood, by what I have here 
publiflird* to difapprove of the method ufed by 
thofe who teach navigation on ftiorc : I only think 
it will noftbbe fo convenient for thofe who arc to 
be inftrufted at fea, becaufe their duty on decki in 
learning to work a Ihip, and clear her for aftion^ be- 
fides the many interruptions they meet withfi^om bad 
weather, takes up fo much of tbeir time, that they 
eaftnot have ieifure for writing a coorfe of naviga- 
tion J whereat, when they have the rulej printed, thej 
need only work all the exampFes, according to the 
dire£lions in the book, and write fuch remarks as 
'ihall be neceliary for the perfcft underftanding of 
fuch parts as may fcem to therti obfcut>e ; and if the 
examples in the book are not luflicient for that 
puq>ofe, as many more may be added, ^ Ihall en- 
able 



able tliem to g!\^e the (olutions without the boo?^, 
in the perufal uf which, the following method may 
be obfcrt^ed, 

As practical geometry confifts chiefly in raifing 
and letting tall perpendiculars^ after being well ac- 
quainted with the method of performing this, they 
may next learn how to divide the circumference of 
a circle into degrees, and thereby make and mea- 
fiire angles *, afterwards they may proceed to con- 
ftruft the Hne of chords, which they will eafily dif- 
cover performs the office of the divided circle': 
and the examples they have in raifing and letting 
fall perpendiculars, making and meafuring angles, 
are luch as will naturally lead them to conftruft all 
the cafes of right-angled triangles* They come 
next to the conftruttion of fines, tangents, and fe- 
cants \ they have here likcwife examples, wherein 
the length of the radius, and quantity of the arch, 
are given, thereby to find the length of the fine, tan- 
gent, anil fecam, in performing whrcli they again 
conftruft all die^ cafes of right-angled triangles : fo 
when they come in the next place to what is prcn 
perly called Trigonometry, they will perceive, it is 
only giving lines a different name, and'^the procefs 
will in all the cafes be the fame as before, 

l*he next thing they come to is, the folution of 
all tlie precaling examples by calculation : in order 
to which, after they can clearly prove, that the 
fines, tangents, and fecants of the degrees of diffe- 
rent circles are in proportion to the radius of each, 
they are then to dcfcribc a Circle, whofe radius may 
be loo or jooo equal parts, and conftruft fines* 
tangents, and fecants, to every five degrees in the 
quadrant, each of which is to be meafiired by the 
ilime fcale, and their lengths fet down in a table, re- 
gularly rilled for diat purpofet afterwards they arc 
TO work all the cafes in trigonometry, by multiph- 

catiori 
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qgition and divifion, and likewifeby the log^thms ; 
and as the artificial fines, fsfr. are only the loga- 
rithms of the natural, they will eafily perceive, thac 
there is no occafion at all for the natural fines, in 
computing right-angled triangles. 

In the projeftion of the fphere I have a globe 
properly differed, which renders the demonftra- 
tiops intelligible to ordinary capacities ; and 
whei> tfcey have thereby gained a clear idea of the 
method of laying down places, by their latitudes 
ajid longitudes, both on the plane of the meridiem 
and of the equator, they will eafily underftand die 
method and neceflity of enlarging the degrees of thfe 
meridian, on Mercatcr*s chart, which they are to 
conftruft from the parallel of 50 to that of 61 dc^i^ 
grees of latitude, having previouQy calculated tMi^ 
nliles in each degree of the meridian, by Mr 
IVri^bt^^ method, both by the co-fines and by the 
JOxants i and when the chart is conftrudtcd, they 
projeft upon it all the cafes of plain and Mercatvr^s^ 
and the fubftancc of parallel and traverfe failing. 

The table of difference of latitude and departure i& 
what they are next to underftand, and therefore 
they are to make one page of if, from the artifi*^ 
cial and natural fines : they arc then to wor!^ all the 
preceding examples by this table, and are to com- 
|)are the refults with the projedlions, and likewif:: 
with the operations, by Gunter*^ lines ; after which 
they are to work the fevcraldays works from the 
Ipg every day, and from thence transfer them to the 
journal ; and. when they are capable of taking the 
fun'§ meridian altitude, they arc then inftrufted 
thereby to find the latitude, and iikewife the varia- 
tion of the compafs, both by amplitudes and azi- 
muths^ which they will perceive is done by pro- 
je^ng the fphere on the plane of th© meridian. 

^ At 



As this fmall treatife is printed from a manufcript 
I CQin piled for the ufe of fame young gentlemen of 

I Jiftinftion m the royal navy, whom I had the honour 
to inftru^lin the theory of navigation, and^ I hope, 
|iot without the defired fuccefs ^ 1 havcbren forced to 
depart from the common methods, for the reafons 
already advanced, far from imagining, that all the 
authors who have wrote before me on this fubjeft 
have miftaken their courfe : for we find, amongft 
them, many remarkably IkiHcd in all the branches 
of the mathematics, and from whofe writings I 
have colIeAed the fiibftance of this v/ork* Bot 1 
flatter myfclf, thefe Rudiments may be of fome 
fervice to thofe who have not abilities or time to pe- 
rilfe thofe copious and prolix trearifes ^ and that, 

"^4Aen thoroughly underftoodj they may, by their 
own reading, acquire the whole art of navigatiori 
in its utmoft extent. How far I may have an- 
fwered this purpofe, I leave to the candid determi- 
nation of the public. I 



Explication' of the Signs. 

-{- Plus, or more, ' — Minus, or lefs, k Multi- 
plied by, -r Divided by, z- Equal to, : The figa 
pf continued proportion, : : T^e fign of difcontinu- 
pd proportion* 

24+8' — ^iox6-r4=33 ^ that is, to ^4 add 8, and 
fubtracft 10 from the fum ; then multiply the remain- 
jitT by 6, and divide the produft by 4 % the quotien? 
will be equal to 33. 
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.. . Of the PrmcipUs of AiniTHM^Tic. 

ARITHMETICK and Geometrv 
may be confidered as the fpundation df 
the'fevcral braftche§bf'theMathem^tij||' . 
it is by chem the theoretical partis dc*- 
monftrated, the pf apical pait reduced tp or^qr, and 
all the varjious folutions to the moft intric^ c^c$ 
dbtainedi ' ^ : •; 

As we are npw going to treat of Navigation, 
which is,' peAaps, one of the moil ufefid;! branches 
of the mathematics, it may be expcfted that wc 
diould explain dife principles of the two forementi^- 
9ned fciences -, but as we prefume thofe who inten4 
to learn navigation, aife previ6ufly acquainted with 
i:he futidamemal rules of arithmetic, Wc fliall pafs o- 
Ver addition arid= fubtradion, and only make fuclji 
^reniarks on multiplication and divifion as fhall hf^ 
^eceflary to gWt olir readers a diftinft idc^ of th^ 
ifloiSTine^f proportion. ^ . r , ; : .^ 

SECTION I. 

Rea^arKs 'pn MuUrpUcatibji iw/ Divifion. 

J^m; J.j in muUipUc:ation there are three teirmspj 
that is, two favors and a produd ; one of the fac- 
j^r$ is called the multipUgaod, ai>d th^ 9^her th^ 
h' * C ^ • mw^ 



^?^^^ Remarks on MuUiplication ^^^^^ 

mulciplier ; thefe two being known, the third, or-. 
the producl, is found by adding the multiplicand to^ 
itfelf, or repeating it as many times as there are u- 
nits in the niu!liphen 

Rem. IL] In divifion, there are likewife three 
terms *, the divifor, dividend, and quotient. The 
firft two being known, it is the bufinefs of this rule 
to find how many tmies^ or parts of a time, the di- 
vifor is contained in the dividend ^ the anfwer ta 
which is the quotient. 

Rem. IIL] The greater the multiplier is, the 
greater is the produft j and the greater the divifor, 
the lefs the quotient : So if the multiplier or divi- 
for be I or an linitj the product will be equal to the 
L multipiicand ; and the quotient equal to the divi- J 
Idend \ but if the multiplier be a fra6lton, the produft \ 
Jwill be lefs than the multiplicand^ and if the divifor 
be a fraftion* the quotient will be gteatcr tlian the di- 
vidend- 

Rem. IV.] Multiplication is the reverfe of diviJl- 
on, and the contrary \ for if any produft be made 
a dividends and one of the factors a divifor, the o- 
ther factor will become the quotient, and if any quo- 
tient be multiplied by the divifor, the dividend will 
become tlie produ£t. 

Ii" is not our intent here to treat profefledly of 
fraftioos, we ihall only obferve that a fraftion is a 
part of any things thus if two loaves were to be 
equally divided amongft three people, it ispl^in this 
couid not be done without cutting each loaf into^j 
three equal parts^and then. each perlbn would have," 
two thirds of a loaf expreifed thus 4, ^hat below 
the line is called the denominator, eKpreffing the 
number of parts the thing is divided into % and thaE 
above it is called tl\e numerator, fignifying the num- 
ber of thefc parts that are cxprcflTed by the fraftion.. 
Rm, v.] When th^ multiplier is a fradion> and 

the 



\l\e multiplicand multiplied by the numerator, then 
If the produdV be divided by the denominator, the 
quotient will be the required produdl : Thus, 
gz 32 32 32 32 3^ 32") 32 

A ^ J. J, A A A[ J. 

256 128 64. 32 16 8 2434)96(24 
In every one of which the multipHcands ^re the 
fame ; and the multipliers, in the firft fix, are each 
one half of the next before it, and therefore, by the 
:preceding remarks the produfts will be each the half 
-'of the next preceding. Now when the multiplier 
.is I, the produft is 32, therefore when the multipli- 
er is 4- or T» 32 niulj: be dividefl by 2 or 4, bgt 
in the laft cafe the multiplier is treble the preceding 
one, and of confcquence the product muft be treWe 
'^the prepedihg proau<^ as by the operation. , 

As we jfhall have occafion, in the following Sec- 
tions, to refer to thefe Remarks, we fhall {lere fub- 
join fome Examples, to illuftrate what has been 
faid on thaJt head. 

Examples. How many minutes in 2,9 degrees, 
fuppofing 60 to a- degree? 

z 



Anfwd* 174a 

'Ex. 2. A fhip 9 miles diftarit from the Lizard, 
fails 5 days on one courfe at the rate of 5 miles 

^ in an hour, and then meets another 

Uays 5 ^ ^^ ^^^ ^^ wants to know her 
Hours ^ diftance from the Lizard. It is ad- 
Hours 120 mitted flie had been failing 120 

Miles 5 hours, which multiplied by 5, makes 

600, and with the 9 flie was diftant 

Miles 600 f^Qj^ the Lizard when the account 

began, makes 609 miles. 

fix- 



% Of MuUfptfcatioh and J}mpt 

, E^. 3* A iHip at fea in t calm tries the cximif^ 
^Rrhkh runs at the rate df 2 miles and 4- ii^ an hour^ 
how many miles hasfhe drove in 24 hours ? Anfwer 
60 1 for 24>c4==i2 arid 24K2—48 and 48 -^12^60- 

Ex. 4, In 678 miles, how many degrees? An* 
fwerii^ i8^ 6,o!67,8(ii^ 18^ 

Ex* 5. Suppole a fhip has been drove 36 miles 
by a current running at the rate of 4- ^ mile per 
hour> how manj^ hours ha& Ihe been driving F Here 
it is plain the divifqr being a fraftion, the quotierit 
TS^ill be greater than the dividend, fo the anlvver is 
7^3 4)36(72, fof 72 halves make 36. 

Ek* 6. Let 10000 be a mukinlier, the multipll- 
eand unlinown, but the produft Is 6174.880 requi- 
red the miikipUcahd ? Here, by rerriai'k the ^d^ 
617,0880 is the multiplicand, for unit neither mut* 
tiplies nor divides. 

Ex. 7. -Let i}6o be a rtiukiplicand, the multiplier 
tinknovsrn, but we know that if roooo were multi- 
|)lied by 617, it would giVe d produft equal to 960 
multiplied by the unknown numbetj which is the^ 
inultiplier ndw required^ Anfwer 6427-/^* 

for 61 7 X ioooo-r96od:642^D8a3' 
^ Rem^ 6!\ When fevferal numbers are to be multi- 
Jilted or divided by one another, it is indifferent id 
nvhat order the operi^tions are performed, for if 12 
be mukiphed by 5, that produd divided by 4^ and 
this quotient multiplied by 6, and this laft produft 
divided by 3, we fliall find this laft quotient to he 
JO by diflfererit operations, for 4 and 3 are divi- 
forsj and 5 and 6 multipliers in both operations, 
12 4^12(3 

5 6 



I 
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Of Proforftch. '§> 

\/ SECTION II. 

' The wholq body of mathematics is chiefly coji- 
cerned in <:omparing quantities with one another; 
itheir mutual relation is called proportion. All quan- 
tities may be reprefented either by ntimbera oir by 
JineS) the operations in the firftare performed by a- 
Jrithmetic, and in the latter by geometry. We IhaM 
here confider proportion in relpeft of numbers; ia 
treatirtg of Vvhich virc Ihall ufe the following figos : 
= equal to; x multiplied by, -?- divided by, -f- nw»c 
or added to; — lefs or fubftrafted from : So 
i2X5-r4x6-r3=:30 fignifies 12 multiplied bv 5, 
divided by 4, multiplied by 6, divided by ^, fs c- 
ijual to 30 ; and 6+8 — 5^9^ fignifies 6 more^S 
fefe^ 5 equartb 9. See the end of the intrcduifion. 
\ Mathemlatidans^ explain geometrical proportion 
iDy th^ terms atitefced^nt^ confcquent and ratio . 
Whtfn two things of the fame kind are compared, 
the firft is called the antecedent, the fecond the con- 
iequent, ajnd When the fecond is divided by the firfl; 
the quotient is called the ratio : As fuppofing the 
things compared were miles •, 2 the antecedent, and 
r6 the cortfequent) theii will 3 be the ratio ; but if 6 
\>t the antecedent and 2 the confequent, then 4 will 
be the ratio. I'here can be no comparifon or ratio 
between things of different kindsj as betwixt miles 
and hours, for 6. hours cannot be divided, by 2 
miles. 

,: Inference. If any two of the three terms antece- 
dent, confequent, and ratio, be known, the third 
may be fouhd by multiplication or divifion ; if the 
two firft be given, as 2 the antecedent, ^and 6 the 
confequent ; or 6 the antecedcrft and 2 the confe- 
quent ; the ratio is found by dividing the confe- 
quent by the antecedent v fo 6-7-2=3 the ratio; 
(and 2-7-6=4 ^he ration If the antecedent and ratio 
l)e given, as 2 the antecedent and 3 the ratio % x 3^=6 




% Of Prdportlon. 

is the confequent, or if 6 be the antecedentand \ the 
ratio, then 6 x-^— 2 will be the confequent^ by the 
5th remark in the preceding feiStion, If the confe- 
quent and ratio be given, and tlie confequent divi- 
ded by the ratio, the quotient will be the antece- 
dent. Let the terms be as before : Then 6-^ 3=2 the 
antecedent, and 2 -r 4— 6 the antecedent. Whenthree 
numbers are compared, if the ratio of the firft to 
the fecond, be equal to that of the fecond to the 
third i as 2 : 6 : 18, they are faid to be in a conti- 
nued geometric proportion, and the terms feparatcd 
by two points as above, 2 is to 6, as 6 is to 18, for 
the ratio of 2 to 6 is 3 equal to that of 6 to 18 : 
and 18 : 6: 2,. are likewile in a condnued proporti- 
on, the ratio being 4 » fo 1 8 is to 6, S& 6 is to 2. 

When four numbers are compared, and theraci6 
of the firft to the fecond equal to that of the third 
to the fourth, but unequal to that of the fecond to the 
third ; aS2:6:;5:i5 0r2i:7::i8;6, they are 
in a difcontinued proportion ; the ratio of 2 to 6, 
or of 5 to 15, is 3, but that is not tJie ratio of 6 to 
5, therefore the fecond and third terms are feparated 
by four points as above, that is to lay 2 is to 6, as 5 
is to 15; and 2 1 is to 7, as 1 8 is to 6 ; in this latt 

the ratio is 4' 

It is about four numbers in a difcontinued pro- 
portion that the Rule of Three is chiefly concerned^ 
tor if the firft three be known, this rule direds how 
to find the fourth, t!>e principles of which may be 
deduced from the following Theorem, 
THEOREM. 

When four numbers are proportionals, the pro- 
duct of tiie extremes is equal to that of the means, 
and when three numbers are in a continued propor- 
tion, the produfV of the extremes is equal to tlie 
fquareof the middle term, that is the middle term 
multiphed by itfdf. 

NQtty 
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Note^ When the numbers are properly placed they 
are all called terms ; the firft and fourth, are ex- 
tremes, fccond and third, the means. 

In order to prove the theorem, let ^ be the firft, 
and e the third term, r the ratio •, then the terms may* 
be exprefled thus, <?, ift term : ^ x r, 2d term : : ^, 3d 
term : e x r, 4th term. It is obvious, by rem, 6, 
feft. I, that ij, ift term, xfxr 4th term=if x r 2d 
term x f 3d term. 

Now as any numbers may be applied to thefe let- 
tert, this theorem wiJl be unirerfally true, for let; 
41=4 ; r=z5 ; e =6 then the terms will be 4 : 4X 5: a 
6: 6x5^ that 154:20:: 6: 30; but4X5,x6=:; 
4,x6x 55 that is 4x30==i2oand20x6t=i20. 

When three terms are in a geometric proportion* 
the middle term may be taken twice, as 2:6:1^ 
may be e3q>refled 2: 6:: 6: 18 andthen2xi8=36j 
a£id 6x6=536. , 

Having thus proved the theorem ;' we come now 
to the rule of three itfelf ; which is as follow^. 
RULE. 

I. Place the numbers in fuch a manner, that when 
the fourth is found, the firft may have the fame pro- 
portion to the fecond, that the third has to the fourth. 

IL Multiply the fecond by the third term, and 
divide the produd by the firft term, the qirotient 
ivill be the number required •, that is, the fourth 
term : The only difficulty will be, as there are but 
three terms given, .hx)w to place them, which we 
fliall illuftrate by the following example.^ 

If a man walks 1 3 miles in 4 hours, how many 
will he walk in 24 hours? Here two of the terms 
are hours, 'viz, 4 and 24, which muft thertforc be 
the firft and fecond terms, becaufe there can be no 
raido between things of different kinds, as was brfore 
i>b%ved» fo fl^ll i^ be the third term, which is of 
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fhe fame kind with the fourth term, they beiiig both 
fRiles. It yet rtmains to know whether 4 or 24 
fhall be the firft term ; and becaiife we know fomc- 
cluing about 4, that is he walks 13 miles in that 
fi-me, therefore 4 muft be the firft term v fo they 
SMy be placed thus, 4: 24:1 13. And 24x13-^-4 
==^78, the fourth term required*, as to the operation 
k is indifferent whether 1 3 oj: 24 be tbe third term, 
but we fliall in all the examples in this work, place 
tf^m fo that the firft snd fecond terms may be of 
the fame name, fo ftiall the third and fourth be 
Kkev/ife of the fame name- 

The reafon of this operation appears very plain 
from the preceding theorem , and the remarks in 
multiplication and divifiOHi for though the fourth 
tjerm is not known> we are fure if it were multiplied 
liy 4^ the produfl; would be equal ro 24X 13=3 12 j 
now we have got a produ6t and one laftor, there- 
fore 312 -r 4±: 7 8 muft be the other faftor^ fhe fourth 
term required. 

It wjli be proper to work for anfwers to the fol- 
lowing queftions as we fliall apply the fame num- 
bers to triangles. 

Question L If i 0000 yards of cloth coft 642 8/^ 
what will 960 yards coft ? loooo: 6428 : : 960. 

IL A privateer coft loooo/. the fhare of prize 
money coming to the proprietors was 8391 /. oiie of 
rJiem had 735 A in the common ftock, what mu" 
Jbis fhare of the prize money be ? 
Toooo; S39i::735< 

IIL Two partners, A^ and B» put lOooo/* intp 
d joint ftock^ of whidh A*s fhare was 617 
this not fufficient they added 



^ ■ 
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what muft A pay 
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iV. If 960 yards of broad cloth coft 735 L what 
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^60; 735;;ioooOr 




to 



v. If 960 /• laid out in trade in the couffe of i:^ 
J^ears gain 61 y L what will lOooqL gain in the fame 
time at that rate ? 960 1617:: 10000 : 

VL If 617 !• pay 735 labourers, how much wilj 
pay loooo* * 

' 735: 617:: 10000: 

Thefe examples we prdume fufficient to llluftrate 
the principles of the rule of three ; we fhall there- 
tore proceed, according to the plan, to (hew how tlie 
Operations may be Il>on:ened by the logarithms- 

SECTION HL 

Of the Canfiruaion and Ufe 0f ibi ^o^ariibms. 

It is not our bufinefs here to calculate tables of 
thofe admirable numbers, that being already done 
to great exa<Snels by iever^^l eminent mathematicians. 
The learned are obliged for this ufeful difcovery to 
the indefatigable labour of the noble invenfot Lord 
I^eper % but it will be proper here to eifpiain fo 
much of their nature as may enable us to underftand 
the principles upon' which they have been calculated. 

Logarithms are art iBcial iiumb^fs, adapted to na* 
tural numbers, and lb contrived' that the work of 
muki plication is, by them, pt-rformed by addition, 
iand that of diviflpn by fifbtra6tion. From this de^ 
fcription the tbllowing inferences may eafily be dc- 
iduced, ^it. '' ' ' 

Inference i. Every natural number mtift have a pro- 
per logarithm, and therefore we muft have a tabic tQ 
find them by iijfpeftion \ it M\\ be fufficierjt for our 
purpoie to haV'e them tq all natural numbtfs under 
J 0000, whicSh we' havc in moft books of navigation* 

Jnf^ IJ. Jf the logantiim of any number be in- 
creafed, the corrcfpondeij.t natural number will like* 
'wife be increafed, and the greater the natural num* 
laen the Rreater its logarithm. 
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Inf III. If tl^ logarUhm of aay oumber be 
added to itfclf, or, which is the fame thing, if it be- 
doubled, the fum will be the logarithm of the fquare 
of the natural number^ that is, whea it is multipli- 
cd by itfelf 

Inf IV- If the logarithms of any two numbers 
are knowa \ the logarithm of the produft or quotient 
of thefe two numbers may with certainty be found; 
for the fom of the twa logarithms will be the logar 
rithm or their prod u(ft^ and the difference of the twa 
logaritmns will be the logarithm of their quotient. 

In order then to make a table of logarithms, we 
may afllime any number at- plcafure \ for tJie loga- 
rithm of the natural number lO^ which let oe 
looDooo, it is certain, by Inf. 3, that the logarithm 
of 100 muft be 2cxooooo, the logarithm of 1000, 
3000000 ; of 10000,4000000: Let then 10 be 
multiplied by lO, its logarithm muft be doubled, 
which will give the logarithm of 100. Again, if 
to the logarithm of 100 be added that of 10, we 
fhall have the logarithm of looo, tic- as in the fol- 
lowing table. 



Num. 
10 
10 


Lpgaritluni, 

lOOOOOO 
lOOoOOQ 


10x10=100 
10 


20QOOGO 

I 000000 


lOox 10 — 1000 
to 


3000000 

lOOOOOO 


lO^OX 10=10000 


4000000 



By this uble it is evident that the logarithm* of 
all numbers from 10 to 100 begin with i % from 100 ^ 

they " 



10 tooo with 2 i and from looo to loooo 



beg 



:in 



^ 
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begin with 3, &c. This initial figure is called the 
charaifteriftick or index of the logarithm, and de- 
notes how many figures are in the natural numbcrt 
which will always contain one figure lefs than there 
arc units in the itidex : for this reafon the index is 
fcparated from the reft by a point. The logarithms 
of all numbers under 10, will be lefs than lOooooOt 
by Inf. 2r and contain but fix figures \ but to make 
them contain tJie fame rtumber of figures with the 
other logarithms, o is prefixed to them *, fo o is the 
index of all the logarithms of the numbers under 
10. And becaufe 1 or unit neither multiplies nor 
divides, its logarithm muft neither increafc nor di' 
minifti any other : So the logarithm of 1 is 0000000- 
In order to find logarithms to all the intermediate 
numbers betwixt i and 10, 10 and lOO, ^c. Thofe 
who undcrftand the extraftion of the fquareroot, may 
find the logarithm of 9, 7, and 2/by the following 
method % firft take half the logarithm of 10, and idij 
add the logarithm of lo thereto*, gdly, take 
half that fum, and 4thly^ add the logarithm of 1 o 
to each : Thus, firft extraft the Square root of 10 ^ 
2dly, multiply this root by 10 v 3dly, extradt the 
iquare root of this produft j and 4thly, multiply 
this laft root by lo. 

In this manner we may proceed by adding the lo* 
garithm of 10 to that of the root \ the half of the lo- 
garithm of the fum will be the logarithm of the root 
of that produ6l» till the root comes to be above 9, 
Now the preceding root being lefs than 9, we may 
add the logarithnls of thefe two roots, and half that 
fum will be the logarithm of this produft, which 
will be nearer 9 than any of the preceding roots j 
and fo, by continual additions and halvings, and ex* 
traiting the rootsof the feveral produds which the in- 
ventor, with great labour, has done to 7 or 8 places of 

decimals^ 
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fdeclmals^ tiii the root at laft came to 9 ^ the logarithm 
of which he found to be 0,954242 : After the fame 
method we may find the logarithms of a? 7, 1 1, 131 
i 7, 19, and, by adding or fubtrafting thefe, we may 
find the logarithms of all numbers under 23* The 
fame procefsj maybe continued till the table is com- 
pleat. 



1 



K: 



uin^ 



Root of 10 


10 

3-163 


10x3.163 
lloot of 31.63 

10x5.623 
Root of 56.23 


31-63 

5-623 
56.23 

7-499 


10x7.499 
Root of 74-99' 

10x8.66 
Root of S6.6 


74.99 
8.66 

^6.6 

9,506 
, 8.66 


8.66x9.306 
Root of 80.59 


80.59 
3.977 



Logarithms. 

*}ioaoocio 
050000a 

*) 1 500000 
075000Q 

») 1 750000 

, 0875000^ 

*)i875ooQ 
0937500 

*; 1 93 7500 
0968 75P 
0937500 

*^^ 1 906250 
0953*25 

^ in the above operp.tion when the root is 9-3oC/» 

to the logarithm thereof add that of 8.66, the 

root next kfs to 9, and halving the fum we have die 

logarithm of 8.977, which is nearer to 9 ; it would 

be needtcfs to, continue the procefsi our defign being 

Sonly to (hew how they ma^ be bonftrufted. Now 

having the Joganthm of 9, the half of it 0^477121 

is the logarithm of 3 : Again, if 0.301030 be the 

I logarithm of two, then the double of it o* 602060 

muft be the logarithm of 4 :. And hecaufe 10-^2=^5 

I if the logarithm of 2 be fubtracted from that of i o, 

J we ftiall have 0*698970 the logarithm of 5 ; 3 X 5— 

Ijrj therefore 1,1760^1 will be the logarithm of 153^ 

'iQr that is the fum 61 the logarithms of 5 and of 3 ; 

Wnd 
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and for the fame reafon, 1*397940 is the logaritlini 
bf 25, for it is doubje the logarithm of 5 : The Jo- 
jgarithm of 7 is 0,845098, to which adding the lo- 
.^rithm of 3, we (hall have 1,321119, thtdogariEhm 
pill ^ by the hm^ method wc fhall fiad 1,544068 
to be the logarithm of 35, arid 1.690196 the loga^ 
rithniof4g. 

This we prcfumc fufEcicnt to (hew how the table 
may be madei and that it will anfwer the end of 
niultjpiication arid divifion, and of confcquence all 
operations in the rule of three, which we flvvli illul* 

I trate by the fame examples which have been done 

L before by muIlipUcatioh and divifion. 

I bee 
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Examples in MuUipUmfian and Divifwn, 
Example L Example IL 



^in 
Min. 



6^ 



Logarithms* 
1,462398 



1740 3.240549 



Logarithms, 

0.698970 
1,380211 

Q-tg897b 
2778 I3 1 



Example HI. 
Mil 24 2.5 1,397940 
Hours 24. 1. 3 802 1 1 
Miles 6q O 2,778151 



Days 5 
Hotirs 24 
Mile's 5 
Mitel 600 

Example IV. 

Deg, 678 1.831236 

Min. bo 1.77^151 

Deg, n.3 i 053089 

Example V, 

A fliip drives', dividend fM\k% 36.0 2.556302 

Current ^ a mile^ divifir^ 9,5 0,698 970 

Hours, quoiientt^ 72 '•^:?7i32 

When fraftions are to be multiplied or divided, 
Veduce them to decimals^ and work as if they were 
whole numbers, and the index of the refuk will de^ 
note how many figures will be ia the product or 
'lOOtient : Af, in ^amLleJI, xht index of the fum 

6f 
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pf the logarithms is 2, therefore the natural num- 
ber correfponding thereto, will have three figures; 
but becaufe there nnuft be as mar>y decimals in the 
produft as ki boch the multiplier and muitiplkand; 
one of them muft be a decimal^ as in the Operation 
in Example V^ 1 is the index of the remainder, or 
difference of the logarithms, therefore there muft be 
two figures in the quotient, and becaufe there rrluft 
be juft as many decimals in a quotient, as the divi- 
dend has more than the divifofr, which in this cafe 
is none, they muft be bdth whdle numbers. We 
prefnme this method is better than perplexing our- 
klves with negative indexes/ 

Examples in the Rule of Tbree. 

[ The 2d example, about the privateer, when done 
by multiplication and divifion would ftand thus, 
loooo; 8351 :: 735 ; now becaufe the fecond muft 
be multiplied by the third, their logarithms muft be 
added, and bccslule the frdduft moft be divided by 
the firft ttrm, its logarithm muft be flibtrafted from 
the fumof thetyther two logarithms. The terms 
may be placed in different lines, and their logarithms 
againft them as in the following operation. 

A^ xcJOo© 4*000006 

jstoSjgi 3.923814 

fo is 735 2.866287 

to 616.8 2.790J01 
Here thefum of the two logarithms is 6.796 lot, but 
as the logarithm of the ift confifts only df cy|>hers, it 
honJy fubtraffing 4 from the index as above, the 
neareft logarithm I find in the tables, is 790144, with- 
aut regardihgthe index, the natural number corref- 
ponding thereto is 61 6S -, but becaufe the index is 2, 
t he kft figure muft be a decimal. After the fame man- 
ner the other queftions may be folved, which we fhall 
emit I but as w« have frequent occafion to men- 
tion 
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tipa d€cima^s, i; will be pjoger here to Ciy forocthiag 
qjthem. 

It wa5 bjcforje obferved, tf^t a fcact^on \s a part of 
fomething, and that the denominatcvr exp/efles ;Ue 
ni^mb^r of parts the whole thing is div^^^d intOf 
aqd the numerator, how rnany of thofe parts arc 
contained in the fra£Uon j let a ruler of one foot 
long be divided into 1 2 equal parts^ then fix of 
thefe parts^ that is half a foot, will be-r t> which 13 
called a vulgar fraftion : But if the foot were divi- 
ded into ten equal parts ^ the half of a foot would 
be five of thefe parts ; Agair( -j-?^ of -J- of a foot 
would be equal to two tenths and half a tenths 
yhich is -1: of a foot divided into ten equal parts ; 
af^d, in of der to exprefj this, every tenth part muft 
be diividcd iato ten eqijal parts, by which the foot 
will be divided into 100 equal parts, and half a 
tenth will 1)6 ^4^ and 2 tenths -j^, fo tV will 
be equal to t^ ^nd -^=j^. 

Vfhtn the denominator of a fraftion is i mt\\ 
^y number of cyphers annexed, it is then called a 
decimal fraftion : The denominator is always i« 
with as many cyphers as there are figures in the 
numerator^ for which reafon there is no occafion 
to fet down the denominator, that being known by 
the numerator, to which there is a point prefixed, 
tp djftinguifh it from a whole number. Thus 
,5.25.666, fignifies Ai t'oV, -A-A^ Thefadyan- 
t4ge pf depim^ls If, tli^t by them multiplication 
and divifionis pcrfprfi^t;d as in whole numbers, the 
only difference is in the value of the prottuft, or 
quotient, but as it has been noted that there are 
always as many decimals in th^ pfoduc^t as in both 
the faftors together, at^d pf cppleqjjence, juft as^ 
I rnany decimals in the quotient, as the dividend 
■ contains more than the divifor, the value ot eaclj 
may eafily be found, Ffom this defcription qjf 
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yiilgar and decimal fraftions, it is obv^ious a vulga|; 
may be reduced to a decifnal by the following rule i 
as the denominator of the vulgar is to its numera- 
tor, fa is 10, or IDO, or looo, tff. to the numc- 
fator of the decimal ^ (o ^=.5, for r 2 : 6 ; : lO : 5, 
afid xV— '^5 > for n: j:: iqo: 25, and -^^—,6b6 
pearly^ 11 : 8 : : 1000 : 666, which may be produ- 
ced to' as mariy places as you pleafe, and though 
jtwill never be exactly equal to the vulgar fraftion, 
yet the difference is fq very fmall that xV of ^ foot 
0r 8 inches may tK? reckoned equal to ,666 of a foott 

SECT. IV. Of Gunter'j Lines. 

We have in the preceding feftions ihewn how ta 
work all qucftions in the rule of three either by 
ijiukiplication, or djvifion, or by phe logarithms 5 w^ 
Jhall now fhewhow^hey may be performed by fcale 
and cornpafles -, in order to which we fliall firft re- 
mark, that addition or fubtraftion may be perforrh- 
cd by'a good fcale of equal pa^t^Sj and a pair of com- 
pafTes, which will be fufficiently illuflratcd by the 
^wo following examples* 

Example h Eet Ae two numbers to be added bf 
301, and 477. 

Draw a ft rait line AB^ and with a pair of com- 
paffes, take 301 off the icales which let off from 
A to C J take alio 477 off tf)e fame fcale, whiph 
fee off frprn C to D-, the whole line AD meafti- 
red on the fame fcale will be found to be 778, the 
fum of the two numbers. Plale L Fig, I. 

Example II, Ltf it be required to fubtraft ^01 
from 1 ooo. 

Take 1000 off the fcale which lay upon the 
line from A to B ; take alfo 30 1 off the fam^ 
fcale, which lay off from B to E, fo (hall A E, mca- 
fured on tl>e fenie fcale, be 699, which is the rcr 
lijainder. FiaieLft^.t ' ' 

M ' Now, 
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Nowjit any two numbers may be thus added or 
fubtractcd, we may do the lame by the logarithms of 
two numbers ; the two precedings are the loga- 
rithms of 2 and of 3, and of cunfequence their 
fum is the logarithm of 6» Hence it is plain muld- 
pHcation and divifion, and of conftquencc all the 
operations in the rule of threes niay be performed 
by compafles, and a good fcale of equal parts^ 
provided we have a table of logarithms to find the 
numbers that are to be added or fubtrafted. Mr 
Gunler has conftrufted lines, on which the logarithms 
may be had without the table^ which are upon the 
fcales called by his name, Gunter's fcales 5 one of 
them is a line of numbers, marked 1, 2, 3^ idc. to 
9 ; and the (lime figures on the line, produced, at the 
feme diftance as in the firft part of the line, fo there 
is I at the beginning, i at the middle, and i at 
the end of the line. 

Mr Gunler conftrufted this line from the loga- 
rithms^ and becaule o is the logarithm of r, the- 
figure I is placed at the beginning of the line. A- 
gain, as 301030 is the logarithm of 2, it muftbelaitj 
off from I to the figure 2 ; in like manner, the 
figures 3, 4, &fc- are placed on the line, by fetting 
off the logarithms of thefc; numbers from i at the 
beginning of the line; and as 1 000000 is the loga- 
rithm of 105 I is again placed in the middle of the 
line \ and becaufe 1:2:: 10: 20, 1 : 3 ; : 10 : 30 v 
the figures 2, 3, 4, Cffr, are placed at the famedif- 
tance from 1 in the middle, that they are from i 
at the beginning. The lines of equal parts, on the- 
plain fcale, are only divided into 100 equal parts, 
which we may call 1000, and take that for the lo- 
garithm of 10, and fo the logarithm of 2 will be 
JO I. We (hall fliew, in the next chapter, how to 
make fcales of loooo equal parts, which being 
conftruited, we may then take the logarithms by 
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any of tliefe lcales» as iuppofe by the line A B^ FL L 
Fig, L which is a line oF equal parts, and f rotn thence 
transfer theai to the line Cijf^ which will be a line of 
numbers properly graduated, and is evidently a line 
of logarithms *, in like manner the intermediate di- 
vifions mny be taken from the logarithms* 

The line being thus conftruftedy our next bufi- 
nets muft be to read it, or find any number^ or ra-^ 
ther the logaritlim of any number upon the line. 
Now the lirft figures may be reckoned i, z, 3, that 
is one, two, three, &?^- then the fame figures on the 
fecond part of the line, will be 10, 20, 30, &€^ if 
the figures in tlie firft part be accounted 10, 20, 
30* £s?f- they will, in die fecond part, be 100, 200, 
3Q0, &c. The value of tlie figures being determi- 
ned, will alfo determine the value of the divifions 
betwixt them, for the fpaces betwixt tliem are divi- 
ded into ten unequal parts 5 when figure i , at the be- 
ginning, is one, the intermediate divifions, in the 
firft part, will be tenths of an unit, and, in the fe- 
cond part, they will be units -, if the firft figure i 
be ten J the intermediates, in die firft part, will be u- 
nits, and in the fecond part^ tens : where the fpace^ 
willadmit, thtfe ten divifions, which are diftinguiflied 
by longer ftrokes, are divided into five or into two 
unequal divifions, by fmaller ftrokes ; the fhorC 
ftrokes, when they are four, will be two tenths each ; 
but when only one, it will be only one haU of the 
adjoining long ftrokes. It will now be eafy to find a^ 
ny number upon the line i for, if it were required td 
find 7, and 14; let the firft figure i be one; the 
figure 7 next to it will be feven 5 figure i in the 
middle will be ten, and counting four of the long 
'ftrokes, beyond figure 1 in the middle, we have 
14, Again, let two numbers be 79 and 129 ; the 
firft I muft be accounted ten, then counting nine 
ftrokes beyond figure 7, we have 79 s now 1 in the 

middle 
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middle will be 100, the longftrokes betwixt i and 
^ 2 will be tens, and the fhort ones two units, each fo 
counting two ofiixe long ftrokes, we have 120, and 
four fhort ones make 128 ; wd muft then eftimatc 
the half of the diftance betwixt the laft ftiort ftrokc 
and the figure 2, which point will be 129. 

The lines being thus conftrufted, we have no 
more occafion for the table of logarithms, for wc 
have them upon the line, which therefore may be 
added or fubtrafted by a pair of compaffes, and of 
confequence all queftions in the rule of three, may 
be folved by . this line ; obferving the following 
general rule. 

RULE. 

Place the numbers as before direfted-, and extend 
the compaffes from the firft to the fecond term -, 
then placing one foot of the compaffes, in the third 
term, the other foot with the fame extent, will reach 
to the fourth term. 

E X A M P L E. 

Let the given terms be 2:81:5, the extent from 
2 to 8, will reach from 5 to 20, which is the fourth 
term, here we add the difference betwixt the loga- 
rithms of 2 and of 8 to the logarithm of 5, evidently 
fame as if the logarithms of 8 and of 5 were added, 
;and the logarithm of 2 fubtrafted from their fum, 
which is done when the operation is performed by 
the pen. As to multiplication and divifion, if i 
be put for the firft term, it will be as i is to the 
multiplier, fo is the multiplicand to the produft •, 
and if i be put for the fecond term, it will be as the 
divifor is to i, fo is the dividend to the quotient, 
which is in effeft the rule of three ; fo if it* were re- . 
quired to multiply 8 by 5, it would be i : 8 : : 5 : 40, 
and tl\e extent from i to 8 would reach from 
5 to 40, Again, if it were required to divide 40 
by 2, it would be 2 : i : : 40: 20, and the tktent 
from 2 to 1 will reach from 40 to ao» '"^^ 
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Wc might add more examples, but to make ui , 
thoroughly acquainted with tfiis line, ic will be pron^ 
per to work feveral examples with the pen, and" 
prove them by this hne ; and when the pro^i 
duit does not exceed three iigures, the refulu wlH 
agree. 
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0/ GEOMETRY. 

WE have in the preceding chapter explained 
the doftrinc of geometric proportion by 
numbers \ we come now to fliew how this may 
be done by means of lines, without any arithmetical 
calajlation, 

SECTION I. Geomelriail Defhiitions. 

1. A definition is the perfr£l explanation of any 
word or thing fuppoled not to be underflood. 

2. A circle is a figure or fpace contained within 
one curve linej and in prailice is defcribed by a 
pair of compafles. 

3. The center is the point where one foot is fix* 
cd, the other being carried about defcribes the 
curve. 

4. The circumference or periphery is the curve 
line defcribed by the moving point, as A B D E. 
PI. I. Fig. %. 

5. I'he radius or fc mi -diameter^ is any ftraitline 
drawn from the center to the circumference, as C A^ 
C B, CD, C E, of which there may be any num- 
ber, but they will be all equal to one another* 

6. Diameter is any ftrait line drawn within the 

circle 
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circle through the center, from one fide of the cir- 
cle to the oppofite, as A D, and E B. 

7. Chord is any ftrait line drawn from one part 
of the circumference to the other, fo it does noc 
pafs through the center as B R, R T, T E. 

8. Arch is any part of the circumference. 

9. A degree is the 360th part of the circumfe-^ 
tencej for every circle may be conceived to be di- 
vided into 360 equal parts, as in the figure, the in- 
ner contains as many parts as the outer one does ; 
but the degrees ^xt greater or lefs in propoftion to 
the radiufles of the iircles. 

A femi-circle is half a circle, and contains 180 
degrees ; a quadrant is -J: of a circle, that is ^o de- 
grees; what an arch,W4nts of 90 degrees is called 
the complement of that arch ; 40° is the comple* 
mentof ^o^^ aad 50 the complement of 40^. The 
fupplement of an arch is what it wants of 180 de- 
grees, 140 is the fupplement of 40^. 

1 1. When two lines meet at one point they form 
what is called an angle^ the lines that form it are cal- 
led the fides or legs, the point where they meet is 
called the angular point. PL I. Fig- 3. 

The quantity of an angle is not eftimated by the 
length of the fides that form it, but by the number 
of degrees it contains, for let there be two angles 
ABC, and P E F, and one arch defcribed from 
B, and anc^er from E as centers, and likewife the 
two radiuflb equal ; if then the two arches bcjcqual 
the angles will likewife be equal, otherwife not. 
We ufe three letters to exprefs an angle, the mid^ 
die one denoting the angular point. 

12. A perpendicular is a fl:rait line, fo drawn 
to another, as to incline to neither fide, a$ 
P C to A B, ,and if it is not at the end of a line, 
will niake two equal angles, and therefore 90 de- 
grees^ 
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grees each V they are called right angles. When the 
Hue is not perpendicular as C F, it will incline to- 
ward A^ and the angles will become un qual, and 
are calltd oblique i the angle A C F which is left 
than a right one, is acute ; the angle F C B greater 
than a right one is called obcufe. t*L I. Fig. 4* 

r^. Parallel lines are ftieh as are every where 
cqtutly diftant from one another, as A B, and 
FG. H,L Bg. 1. 

14. A plain reftelincal trinnglc is a BgiirCj or 3 
fpace, upon a plane limitted by three ftrait iines, 
which are called fides, and by their meeting form 
three angles ', if the fides be equal it is called eqiii- 
lateral : If one of die angles be rights that is 90 deg, 
it is called a right angled triangle. As it is on- 
ly of thefe wl fiiall treaty when we mention the 
word triangle, it muft be underfliood of a ftrait li- 
fted right angled one, unlefs the contrary be expref- 
fed. The fides of a right angled triangle are dif- 
liogiiifiied by different nam s, which we fhall call 
their proper names *, for we fhall hereafter have 
cccafion to give them fir- names- 

15, Hypothenufe, is the fide oppofite to the right 
angle,^ which we Ihall call A C. The two fides 
that form the right ang!e» are called the one the 
perpendicul^ir, and the other the bafe indifferently, 
but for djftin6tion we fhall call A B the perpend icu- 
Jar, and draw it parallel to the margin of the book 1 
B C we Ihall call the bafe^ and draw it parallel to 
the top and bottom of the page, fo the angle at B 
will be 90 deg. the angles at A and C both to- 
gether will be 90 deg. as fhall/be. proved hereafter, 
the angle at A we Ihall call fimply the angle, 
which we fliall always fitppofe oppofite to the bafe. 
The angle at C we Ihall call the complement 
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angle. The following are fuch natural inferences 
from the definitions, that they require no demno- 
fttation. PL I. Hg. 5. 

INFERENCES. 

1. The greateft angle that can be' made by 
two ft rait lines will be lefs than 180 degrees. 

2. If a right line C F, meets another line A B any- 
where as at C,fo as to form two angles, both toge- 
ther will make 180 degrees: For, if from the an- 
gular point C, a femi'Circlebe defcribed, it will ex- 
actly meafure both the angles. Ail the angles that 
can be made at a point on one fide of a line will 
make 180 degrees \ but if they crofs in one point, 
they will make 3 6a degrees. PLl. fig. 4.. 

3. If there are feveral equal chords, as E F^ 
F G, in the fame circle, the arches fubtended by 
them will alfo be equal, but if the circles be une- 
qual, the arches may contain the fame number of 
degrees in each, but the chords will be unequal in 
proportion to the radiuffes •, that i?, if the radius C E . 
be double or triple the radius C N ; then will the 
chord E F, be double or triple the chord N M : 
1 hough this may feem plain enough by the figure, 
yet as upon it the whole of trigonometry chiefly 
depends, it fhallbe demonftratcd in Theorem VL It 
is likewife very plain, that though the arch E F G 
be equal to the two arches E F, and F G, taken to- 
gether, yet the chord G E is not equal to the chords 
E F, and F G, PL I. Fig. 2. 

SECT. II. Geometrical Theorems. 

THEOREM!. 

If two ftrait lines A B and D E crofs one ano- 
ther in C, the oppofite angles A C D, and B C E, 
will be equal i for let the angle D C B, be any 

number 
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nutnber of degrees fuppofe loo; then the angles 
A C Dj and B C E> miift each be 80 degrees^ by 
laference 2dy Sedl. j* Chap* 2. PI* L Fig, 6, ^ 

T H E O R E M IL 

If a fVrait line E F cut two parallel lines A B and 
C D, then 

1. The external oppoOte angles AGE and 
D H F will be equal ; as will alfo the angles 
B G E and C H F ; for the two lines being pa- 
rallel, diey may be confidered as one broad line, 
and the line E F cr offing it, fo the angles will be 
equal by the preceding, PL L Fig. 7. 

2, The internal angle C H E, is equal to the ex- 
ternal one A G E, and E H D equal to E G B^ for 
AGE was juft now proved equal to D H F, e- 
qual C H t^ by preceding ; and for the fame reafori 
E G B- C H F) E II D. PL I. Fig. 7. 

Notey By external is underftood out-fide ^ and by 
internal infide. 

3- If a line C B be drawn to meet two parallels 
A B and C D, the alternate angles ABC and 
B C D will be equal, for producing A B to E j DC 
to F j and - B to H and G ; then the angle H B E 
is equal to the angle A B C, and likewrfe to the an- 
gle F C G=B C D, therefore A B Ci= B C D * 
and for the fame realbn the alternate angles £ B C 
and B C F are equal. Plats XL Figs 12. 

THEOREM IIL 

If a perpendicular be drawn from C, the center 
of a *.ircle, to the chord A B, it will bifTcft the 
chord in F, 2nd the arch in D \ and if a perpendi- 
cukr be e reded from the middle of a chord, it wiU 
pafs through tl>e center, and therefore if produced 
will be a diameter : for the dotted lines C A and 
C B, being equals alfo D A and D B, the point C 

the 



1 



I 




N 



Sect, L Gfomiirkal Thiorcms. 25 

is equally diftant from the points A and B, and for 
the fame reafOnj the point D is Equally diftant from 
the points A and B, fo F, or any other point in 
the line C D, will be equally diftant tromthe points A 
and B, and therefore A B is tnfecled mF. PL LFig. 8. 

T H E O R E M IV. 

If a ftraitline A B be drawn to touch the circum* 

Terence in the point B, and the chord B F be 
drawn, the angle A B F made by the chord and 
taftgent, is meafated by half the arch^ of which 
B F is the chord. 

DEMONSTRATION. 

Draw the radius C E perpcnclicular to the chord* 
lO^hich will bifeft the arth in E, fo Ihall B E be half 
the arch FEB, evidently the meafure of the angle 
B C E ; all then that is to be proved, is, that the 
angles A B F aod E C B are equal : In order to which 
draw the radius C B, which will be perpendicular to 
the tangent, draw alfo the diameter D G parallel to 
the chord B F. Plate J. fig* 9- 

The angles A B F and FBC» both together, make 
90 degrees ■, the angles E C B and B C G are like- 
wife 90 degrees % but F B C and B C G are alter- 
nates to the parallels F B and D G, and therefore 
equal I by the id The,) and of confequence the angles 
A B F and B C E muft be equah 

To ilUiftrate this by numbers, fuppofc the arch 
B E F 80 degrees, the angle B C E muft be 40 
degrees, and B C G 50 ; and becaufe the angles 
F B C and B C G are equal, F B C muft be 50 
likewife, and of confequence the angle A B F muft 
be 40 equal to B C E, the thing that was to be 
proved. 
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THEOREM V, 

An angle made by two chords meeting in the cir-» 
cumterence is meafured by half the oppofite arch^ 
that is the angle L H G is meafurjed by half the arch 
L E Gj of which L G is the chord. Plate L Fig. la. 

DEMONSTRATION. 
Draw the line K M to touch the circle in H, The 
three angles at H make 1 80 degrees (by Inf^ IL 5^^, 
I . Chap. IIJ the angle G Ji M i$ meafured by half 
the arch G P M ^ and the angle K H L is meafu- 
red by half the arch H R L (by preceding) there- 
fore the angle L H G is meafured by half the arch 
L E G^ for the lialf of this arch, and the halves of 
the other two arches, make liio degrees : hence we 
may deduce die following ufeful inferences. 

INFERENCES 

1. All the three angles of any ftrait lined trian* 
gle make t8o degrees, for any triangle, as we flialt 
fliew in Problem 6, may be infcribcd within a cir- 
cle; then each angle will be at the circumference, 
and the fides will become chords of arches, the 
halves of which meafure their oppofire angles, but 
half the fum of thefe arches is iSo degrees. 

This inference is of great importance ia trigono- 
metry, from whence, if one of the oblique angles of 
a right angled trianglcf be known, the other is found 
by fubtraftion \ we lliall therefore demonftrate it a- 
not her way. 

Draw the line H M through T, or any of the an- 
gular points of the triangle T S N ', and let it be pa- 
rattel to N S, the fide oppofite to the angle through 
which the line H ^ is drawn* The three angles at 
T make 180 degrees, but the angles M TS, and 
T S N being aUemates are equal by Theorem II, 
and for the f^me reafon the angles T N S and 

HTN 
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H T N are equal, and therefore the angles at N 
and S, together with the angle N T S, make ibo 
degrees, . Plate I. Fig. 11. 
. 2' The angle at the circumference of a circle is 
half that at the center, if both ftand upon the fame 
arch, for this is meafured by the whole, and that by 
half the oppoike arch. 

3. An equilateral triangle is alfo equiangular, for 
being infcribed within a circle, the (ides will become 
equal chords, and of confequence the arches will be 
equal, that is, 1 20 degrees each, which will make 
the angles 60 degrees each. 

4. The radius of a circle is equal to the chord of 
60 degrees of the fame circle •, for making an equi- 
lateral triangle on the radius AC; the angle at C 
will be 60 degrees, that is to fay the arch B F A 
will he 60 degrees, of which A B is the chord, e- 
vidently eqtial to the radius. It is oh this account 
we always take the chord of 60 degrees before we 
.can make or meafure an angle by a line of chords. 
Plate I. Fig. la. 

5. In two triangles, ift if the fides of the one 
be refpcdively equal to the fides of the other j 2d, 
if two fides and the included angle in both be equal ; 
3d, .if two fides and the angle oppofite to the like 
fide be equal ; 4th, if two angles and the fide be- 
twixt them be equal: in..all thefe cafes the triangles 
will be equal in all refp^^ls, 

T H EO RE M VI. 

In any triangle A B C, if a line D E be drawn 
parallel to any of the fides, fuppofe to B C 5 then 
thefideAB: AC::AE: AD; andACrCB:: 
A D : D E. Alfo B C : B A :: E D: E A ; and 
CB:CA::DE:D A. ' Platel. Fig. 13. 
DEMONSTRATION. 

Divide the line A B into any number of equal 
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pErts, fiTppofe fix, in the points 12, 24, fcff, thro* 
thefe points draw lines parallel to B Q which will 
divide the line A C into fix equal parts in the 
points 15, 30, £5?f. Again* through the points, in 
the line A C| draw lines parallel to A B, whick 
will divide the line B C into fix equal parts, in the 
points 8, 16, &c, fo fhall the fide A C be 90, the 
fide A B 72* and BC 48- It is evident that 



72, and B C 48. It 


is evident 


A B : B C : ; A E : 


ED 


72 : 48 •: y 60 ' : 


4Q 


AC : CB : : AD : 


DE 


90 : 43 : : 75 : 


40 


BC : B A :: fc. D : 


E A 


48 : 72 : : 40 : 


60 


e B : C A : : D E : 


DA 


48 : 90 : : 40 : 


75 . 



now wlierever the line be drawn, fuppofe r /, at 51 
in the line A B, then will A ^ be 4-^- of the line 
A B, and it is plain A r will be 44 P^^s of the 
line A C, and r t^^ of the line B C PL LFix/i^. 
INFERENCES, 

I* The chords, fines, tangents, and fecantsof fi- 
milar arches, are in proportion to their radiufTes, 
for the arches, ALE, and B K H, being fimilar^ 
that is to fay of the fame number of degrees, thq 
chords^ fines, tangents, and fecants, of the one^ are 
evidently fimilar to thofe of the other ; and C E : 
E A : : C H : H B, &f. Plate I. Fii. 14. 

2- In fimilar triangles, the fides containing the e- 
qiial angles are proportionals ^ that is, if the angle 
at A be eqoal to thaC at F, the angle at B equal to 
that at H, then will the angle at Cbe ^qual to that 
at G, and becaufe the angles at A ^nd F arecqual* 
if A ^ be made equal to F H, and A r equal to F G^ 
then th^ triangle A r / will be equal to the triangle 
F G H, and the line r / parallel to B C ^ fo fhall 
A B ^ A /^F G : : AC :C r=FH, PL L Fig. i ?- 
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3. If two triangles are fimiiar^ and the fides and 
angles of one of them be known^ and one fide and 
the angles of the other, or two fides and one angle 
be known J then the other tw^o fides may be found 
by the rule of three, for let all the fides of the tri- 
angle ABC be given^ and let the triangle F G H 
be fimilar to it ; and the fide H G given > then to 
find the fides F G and F H it will be B C : : C A k 
GFiHGandBC; BA ::HG:HR 

We Ihall have occafion to have recourfe to this in- 
ference in trigonometry, for all the parts of a tri- 
angle, fimilar to the triangle concerned^ muft be 
known, before we can obtain the things required. 

We fhali now proceed to the practical part of 
geometry^ contained in the following problems. 
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PROBLEM i 



To divide a ftrait line A B iqto twq equal part^ 
PlateLFigAY. 

1. With one foot of the compafies in Aj with 
any cQnv<?nient extent defcribe two fmall arches, th^ 
one above, and the other below the line. 

2. With the fame extent, and one foot in B, de- 
fcribe other two arches to cut the former in D and 
i£, and draw the line D E, which will cut fhe line 
A B in two equal parts in C ; for it is evident tli^ 
points D and E are the fame diftance from A that they 
are irom B, and the line D K being the neareft that 
can be drawn betwixt thefetwo points, all the parts 
of it will be the fame diftance from A, they are from 
B, and of confequence the point C will be in the mid- 
die of the line \ in pradice there will be no occafioa 
to draw the line D F,» as the point C may ht fouqd 
\>y laying a ruler trom D to E. 

PRO. 
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P R O B L E M II. 

At the point C, near the middle of a lincj to c* 
re£l a perpendicular. 

I. With any convenient extent take two points A 
and B equally diftantfrom the point C. PI h Fig, 4.. 

2* Delcribe one arch from A and another from 
B to interfe6t one another in D, fo fiiaU D C be 
die perpendicular required* 

PROBLEM IIL 

From the point D to let fall a perpendicular to 
the line A B near the middle of it. 

1. With any convenient extent from D, as cen- 
ter, defcribe two arches to cut the line in any two 
points, as in A and B- Plale L Fig. 4. 

2. Delcribe one arch from A, and another from 
B, with the fame radius, to interfeft one another in 
the oppofite fide of the line, in E j and lay a ruler 
from D to E, fo fhall D C be the perpendicular re- 
quired* Thefe two need nodemonftration, for the 
points D and E being the fame diftance from A 
they are from B, and A and B being equally diftant 
from C, the line D C inclines no more to one fide 
tlaan to the othen 

P R O B L E M IV. 

From rhe point B at the end of the line to ereft 
a perpendicular. 

1, AfTume any convenient point C out of the 
line, in which place one foot of the compafies, 
and open the other to B. Plafe L £>ig. 15. 

2* With the radius C B defcribe one arch to cut 
the line at A, and another arch oppofite thereto. 

3. Lay a ruler over A and C to rut the oppofite 
arch in D, fo fhall D B be the perpendicular re- 
qyired* 

PRO- 
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PROBLEM V. 

. To let fall a perpendicular frpm the point D^ 
when it will be near the end of the line. 

This is only the reverie of the former : . for 
draw a line fcom the point D, to interfcft the line any 
whereas in>A, and find C the middle of this line, 
from which as center, with the radiii&C D=iCA, dc- 
.fcribe an arch to cut the line in B, fo fhall D B ' be 
the perpendicular required : for it is plain if the fe- 
mi-circlc A B D be defcribed from the center Q 
A D will be a diameter, and th* angle DBA ^the 
circumfcrencc, which wiir therefore be meafored by 
half the oppofite arch (by Theorem 5.) In this cafe 
180 degrees, therefore the angle at B \^ill be 90 
degrees. Plate I. F/f . 1 5. 

PR OB L E M \L 

To defcribe a circle through any three points 
A B D'wbich are ndt fituated in a ftrait line, PI I. 
Fig. 16. 

1. Draw the chords A B and B D, for they will 
be chords, becaufethe points muft be in the circum- 
ference. 

2. Bife<5t the chords by two perpendiculars to in- 
terfect one anothct in C, which will be the center 
required. . 

PROBLEM VIL 

To draw a line parallel to a given ooe A B. 

1 . If the diftance betwixt the lines be given j 
with that, as radius, draw one arch from A, and ano- 
ther from B, and draw the line C K juft to touch 
thefe arches, which will be parallel to A B. Plaie 
II. Fig. I. 

' 2. If the point N be given, through which the 
line is to be drawn. 

1- FVYL 
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1, Fix one foot of the compafles in the given 
point Nv and open the otiier to cut the given line 
any where fuppofe at B. 

2, With that radius, and one foot any where in 
the line A B^ as at M, defcribe an arch. 

3, With M B as radius^ from the center N de* 
fcribe an arch to cut the former in K^ fo fliall K N> 
be parallel, to A B, 

DEMONSTRATION, 

Draw the line K B ^ fo fliall the triangles K B N 
and K B M be equal, for K N=B M and K Mnz 
N B bjr conllruttion, and K B common to both, 
therefore the alternate angles K B M, and B K N^ 
arc equals and the lines parallel by Theorem IL 

PROBLEM VUL 

To make an angle ABC equal to a given onl 
D E F. 

Defcribe an arch from the center E, and one from 
the center B^ both with the lame radius, which 
may be alTumed at pleafurr, and make this laft 
arch equal to the former, fo fliall the angles be e- 
qual by Def. 13* Ptaie 1, Fig. 3, 

By the lame method wc malce an angle of any 
number of degrees, bur, as was before obferved, we 
rnuft firft divide a circle into degrees by the fol- 
lowing method. 

I* Defcribe a circle and quarter it wich the two 
diameters A D and K B, fo fhall each quarter be 
90 degrees. Plnte I- Fig* 2. 

2- Take the radius in the compafles, which layoff 
on the circumference both ways from the points A, 
B, D, and E, this will divide the quadrant into 
three equal parts, and therefore 30 degrees each r A- 
gain, thefc fubdivided into three equal parts, will di- 
vide the quadrant into nine equal parts » which will 

be 
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be ten degrees each, this is fuffictenc for our pur- 
pofcp our intention being only co fhew how the cir- 
cumference may be divided^ which the mathema- 
tical inftrument makers have efftded, not only to 
fingle degrees, by repeated trials, but even to mi- 
nutes and feconds, by a contrivance which fliall be 
explained in another place* After one circle is di- 
vided, any other circles may be divided by draw- 
ing them from the flmie center, and producing the 
radiuiles of the divided circle to the circumferences 
that are to be divided. Plate I. fig, II. 

Being now provided with a divided circle, we 
may make an angle of any number of degrees, 
which is in effeft making an angle equal to a given 
one; for let it be required to make an angle of 40 
•degrees, we have the angle H C B in the quadrant 
A B wliich is 40 degrees ; fo there is no more to 
be done, but to take the radius of this, or indeed 
of any divided circle, and with that ddcribe an 
arch, the center of which muft be the point where 
the angle is to be made, and then take the requi- 
red number of degrees from the periphery of the 
divided circle, and let them ofF on the arch. In 
praftice this is done by a line of chords, for it muft 
be obfcrved, that in meafuring arches we do not 
apply an inftrument to the curve, but take the dif- 
tance, betwixt the extremities of the arch, with a 
pair of compaffes, which in effeft is taking the 
chord of the arch- Now» If from the point B lines 
be drawn to the feveral divifions of the arch B D^ 
they will be chords uf die arches !o, 20, ^c. and 
B D will be the chord of 90 degrees. We may 
then from the centf r B delcribe arches through the 
feveral divifions of the quadrant to interfeft the line 
B D in the points i o, 20, i^c. which will be evi- 
dently equal to the refpedive chords in the qua* 
drant i and it is by this method the lines of chords 
F ^^ 
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on the plain fcale arc conftrufted. In order to 
make £in angle by a line ot chords : firft, with the 
chord of 60^ defcribs an arch, this will be the fame 
as if we take the^ radius of the divided circle, be- 
caufe the chord of 60 degrees is equal to it^ by In- 
ference 4, Theorem V, Secondly, take the requi- 
red number of degrees from the line of chords^ 
which will be the fame thing as if taken from the 
circumference, and lay them off on this arch, as 
fliall be illuftrated in the following examples j for it 
is in making and meafuring angles; raifing and 
letting fall perpendiculars, that the pradtical part of 
Geometry is chiefly employed. There are fcveral 
Imes of equal parts on the plain fcales, tbefe parts 
may reprtrfent feet, yards, miles, or any other mea-» 
fare, and as all arches of circles, or which is the 
fame thing, all angles, are meafured by a line of 
chords ; fo are the lines that form the angles mea- 
fured by a line of equal parts ; great care muft 
therefore be taken not to mlftake tlie one for the 
other, as it often happens with beginners* It h 
prefumed the following queftions may be folv^cd 
without any further directions than referring to the 
preceding problems. We fhall only obferve that 
A B is to be drawn parallel to the margin of the 
book, A C oblique, and B C parallel to the top or 
bottom. Platel, Fig. ^. 

Question L Let it be required to make an an- 
gle of 40 degrees at the point A of the line A B, 
then to make A C 960 miles, and from the point 
C to kt f^U a perpendicular to cut the line A B i\\ 
6 % required the miles in the lines A B and B C^ 
and the degrees in the angles at B and at C ? 

IL After making the angle at A 40 degrees, as in 
the preceding, make the line A B 7 35 feet, and the 
^ngle at B 90 degrees, required the angle at C and 
the length in feet of the lines A C and B C ? 

IIL Ereft 



« 
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III. Erect a perpendicular at the point B, on 
which lay off 617 leagues from B to C, and then 
make an angle at C of 50 degrees -, how many- 
leagues (he lines A C and A B? and how many 
degrees the angles at A and at B ? 

IV. After making a right angle atB, make B A 
735 feet, and A C 960 feet. Then required the 
angles at A and at C, and the length of the line B C ? 

V. Make a right angle at B, as in the preceding, 
theh make B C 617 feet, and C A 960 feet, requi- 
red the oblique angles ; and the line A B ? 

VL Make a right angle at B as before, make 
B A 73^5, and B C 617 feet required the line A C, 
and the angles at A and at C ? 

In the refolutioaof thefe queftions, it is plain a 
right angled triangle has been conftrudled in each v 
the angle at B being always 90 degrees ; the angles 
at A and C both together have likewife made 90 
deg. the angle at C, as was before obferved, is the 
complement of that at A -, the line A C the hypo- 
thenufe ; AB the perpendicular ; and B C the bafe. 
We fliall find when we come to trigonometry, that 
thefe queftions contain all the varieties of right an* 
gled triangles. 

VII. Let the radius of a circle be 960 feet ; how 
many feet the chord of 40 deg. of that circle ? 

VIII. Let the radius of a circle be 735 feet,- and 
a chord in that circle 503, how many degrees the 
arch? 

PROBLEM IX. 

To divide a ftrait line, A B, into any number 
of equal parts, fuppofe 10, 100, or looo. Plate 
II. Pig. 2. 

I. Divide any line CD into ten equal parts, by 
a good fcale of equal parts, or affumc any quan- 
tity for one. of tlicfe pans ^ and fct it off ten times 
from C to D. 



Geomeirical Fr&blms. 



Chap. It 



2, Make CD the fide of an equilateral triangle, 
F C D i and the lines F A and F B equal to A B ; 
ib the lines FD and FC muft be produced, when 
C D happens to be ihorter tlian A B, which is the 
line to be divided- 

3- Draw lines from the point F, through the 
fevcral divifions of the line C D^ which produced 
will divide die line A B into ten equal parts. A- 
gain, to divide it into lOO equal parts, each of thefe 
muft be fubdivided into ten equal parts v therefore 
take A ^, which is the tenth part of die line A B, 
and fet it from F, to R, and T j then draw the Hne 
RT, which will be equal to Aa', and v;i!l be di- 
vided into ten equal parts, by the lines already 
drawn from F*, for the triangles FRr, FCz, 
and F A X are fimilar ^ therefore FC : C z : : F A : 
A-Vjbut C z is the tenth part of F C or C D ; therefore 
A^ muft be the tenth part of E' A or A B» andR i the 
tenth part of R T = Aa:, fo fhall R r be the hun- 
dredth part of the line AB \ and if this could ad- 
mit of being divided into ten equal parts, the 
line AB would be divided into looo equal parts; 
but here the divifions would be too fmail^we muft 
therefore have recourfe to the fo! lowing method : 

J. Draw the Hncs A B, and CD, parallel to 
one another, and the lines A C, and B D^ 
perpendicular to them, 

2* Divide each of thefe four lines into ten 
equal parts ^ by the preceding, and draw the 
parallels and diagonals as in the figure, Plaie 
IL Fig, 3. 

Now in the triangle ACF are nine lines pa- 
rallel to the bafe, which will conftittite ten fimilai? 
triangles i the firft bafe will be one tench, the fe- 
tond bafe two tenths, &c. of the bafe C F : thefe ar© 
called diagonals, by which or^e inch^' half^ or a quarter 

of 



Sect. III. Geometrical Prohlmsl 37 

of an inch, may be divided into 100 equal parts 
as thofe upon the plain fcales. PL II. Fig. 3, 

It may not be improper here to remark, that as 
by one line of chords any circle may be divided j lb 
likewife by one good fcale of equal parts, any 
ftrait line may be divided into any propofed number 
of equal parts, or into unequal parts, which Ihall 
be in a given proportion to one another ; as for in- 
ftance, if it were required to divide the line A B 
into five unequal parts, which ihall have the fame 
proportion to one another as the following numbers. 
2' 5» 7' 9? 4- Plate II. Fig. 5. 

To do this, draw the line C D, which make 27 
by any fcale of equal parts, and lay off the feveraJ 
parts as in the figure -, then make C D the bafe of 
an equilateral triangle F C D, and make F E and 
F G equal to A B, fo fhall E G likewife be equal 
to A B, and lines drawn from F to the feveral di- 
vifions of the line C D, will divide the line E G 
into the fame number of parts and^ in the fame pro- 
portion with thofe of the, line C D. 

We may likewife, by a good fcale of equal part$» 
meafure the feveral parts of any ftrait Hne, provi- 
ded the length of the whole line be known ; as if 
it were required to find how many equal parts are 
€6ntained betwixt the figure i, and the figures 2^ 
3, 4, fcfr. of the line of numbers on Gunter's fcales, 
the whole line from i to 1 being 1000. To per- 
form this, Plate II. Fig. 4. 

1. Take the whole line in the compafles, with 
which from the center A defcribe an arch. 

2. Take loooo off the half-inch diagonal fcale, 
which lay on the arch frbm B to C, and draw the 
lines AB and AC. 

3. Set off the feveral divifions of the line of 
numbers from the point A, on the lines A B and 
A C i the figurei i being at the point A , the dif^ 
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tances' betwixt the fcveral figures on the line A B, 
and the fame figures on the hne A C, meafured on 
the half-inch fcale^ will be the. number of equal 
parts contained betwixt thofe figures and i at thd 
beginning of the line ; and upon examination will 
be found to be the logarithms of thofe numbers. 
Pktelh Fig, 4, 

It is on the fame principles the Sector is con- 
ftru6led, which performs thefe and feveral other 
liftful operations very expeditioudy. 

SECTION IV, 

Of Sines^ Tangents^ and Secants. 

DefinitionSp 

1. The right fine of an arch is a perpendicular 
let fall from one end of the arch to the radius or 
diameter drawn thro' the other end of it : AD is 
the right fine of the arch A B, and is always half 
the chord of double the arch % for making E N 
equal to E A, it is evident the fine A F is half the 
chord NA. Pill Fig. 6. 

2. The CO- fine, or fine complement of an arch, 
is equal to that part of the radius intercepted be- 
twixt the right fine and the center 5 C D is equal 
%o F A the fine of the arch E A, the complement 
of the arch A B \ and the verfed fine of an arch is 
^at part of the radius intercepted betwixt the right 
fine and the circumference ^ D B is the verfed fine 
of the arch A B ; fo the co-fine and verfed fine both 
together make the radius. 

3. A Tangent to a circle, is a ft rait line fo drawn 
as to touch a circle only in one point, and if to this 
point be drawn a radius, it will be perpendicular 
thereto, becaufe it is die ftidrteft that can be drawn 
from the center to the circumference ^ fo B M is a 
tang^ent to the circle in the point B, PL II. Fk^ 6, 
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The tangent of any arch, as of A B, is that part 
of the line B Mj intercepted betwixt the point B, 
at one end of the. arch, and the point H, where a 
line drawn from the center, thro' the point A at 
the other end of the arch, meets the line BM; (b 
B H is the tangent of the arch A B, and E G the 
co-tangent, or tangent complement, that is the tan^ 
gent of the arch E A, tlatelL Fig, 6. 

4. The fecant of an arch, as of AB, is a line 
drawn from the center, thro* A at one end of the 
arch J and produced till it meet a perpendicular e- 
refted from B at the other end of the arch ; fo C H 
is the fecant of the arch AB, and CG the cch 
fecant or fecant-complement of the fame arch. Fig. 6. 

The fine, tangent, and fecant of an arch, are the 
fame with thofe of the fupplement; for being drawn 
according to the precoiing definitions, the fame 
lines will refult. 

Inferences from thefe Befinkions, 

1. The fine of 90 degrees is equal to the radiusf 
for it is half the diameter or chord of 180 degrees ; 
the fine of 30 degrees is half the radius -, or which 
is the fame thing, half the chord of 60 degrees, 

2- The tangent of 45 degrees is equal, to the 
radius ; for let the arch K S be equal to the arch 
SEj they will be 45 degrees each; RK is the 
tangent of the arch S K, and is parallel and equal 
to E C the radius ; but the radius cannot be equal 
to any fecant. Plate \L Fig. 6- 

^. The radius, fine, and co- fine of any arch con- 
ftitute a right angled triangle. In the triangle 
ACD, right angled ai D, the radius C A is the 
hypothenufe, the fine AD is tlie perpendicular, and 
the fine complement C D is the bafe. The radius, 
tangent, and fecant of any arch do alio make a 
right angled triangle. In tlie triangle C B H right 
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angled at B, the radius C B is the bafe, the tan- 
gent BH the perpendicular, and the fecanc CH 
the hypodienufe- Plate IL Fig^ 6. 

4. The length of the fines, tangents, and Ic- 
cants of any arch, cannot be determined, till the 
length of the radius be fixed, even tho' the num- 
ber of degrees contained in the arch be known \ but 
having the length of the radius given, fuppofe C B, 
fhen the fincs^ tangents, and fecants to every de- 
gree, and even to every minute, may be drawn, and 
their lengths meafiired ; in the figure it is done 

A every ten degrees, which is fufficient for our pur- 
pofe, where it is evident, the tangents and fecants 
of the degrees of the quadrant of the fmall circle^ 
are juft half the tangents and fecants of thofe of 
the great circle, the radius of the one being double 
that of the others and it is by this means that the 
lines on the plain fcale are conftrufted % firft 
a^ually drawing them to the feveral divifions of the 
arch, and then transftrrhig them from thence to the 
fcale, where there is a line uf equal parts adapted to the 
the radius, which contains looo of thefe equal part^. 
Now when the feveral fines, tangents, ond fecants 
are nieafured on this fcale, we may make a table 
by which the fines, tangents, and fecants of every 
degree may be found by inlpection to a radius of 
1000 equal parts. Plate III. Fig, i and 2. 

Having thus explained the conftruftlnn of the 
fines, tangents^ and fecants, we come now to fiiew 
that all the varieties of right angled triangles may 

- by them be folved. 

I It wras before obferved^ that the fides of a right 
■angkd triangle were diftinguifhed by different 
names, viz, hypothenufe, bafc, and perpendicular ; 
thefe we fhall call their proper names* It is alfo 
evident they may hkewife be confidered as fines^ 
tangents, or fecants, of the arches that meafurc the 
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Hence the whole bufinefs of trigonometry con* 
fifts in finding fines, tangents* or fecantsj whether 
the quantity of the arch, and the length of the ra^ 
diusj or the length of the fine> tangent, or fecant 
of the arch be known ; or if thefe be known, to 
find the quantity of the arch : and although all the 
rarieties may be reduced to two cafes, viz. one fide 
ami the angles given, or two fides and one angle giv- 
en to find the reft, yet as they are intended to be 
applied to navigation, we Ihall divide them into 
Ex different cafes as ufual, and illullrate the whole 
by an example in each cafe, whereby it will be 
very plain^ that In finding fines, tangents, or fe- 
cants, to any given arch we make a right angled 
triangle.^ as in the following examples. 

Case L Given the radius A C of 960 feet, re- 
quired the line and co-iine of an arch of 40 
degrees, or which is the feme tiling. In the right 
angled triangle ABC given the hypothenufe A C 
560 fcet^ and the angle at A 40 degrees, required 
A Bthe perpendicular, and B C the bafe ? 

1, Draw a line parallel to the margin, and make 
an angle of 40 degrees at the point A, by a line of 
chords i (as in Prob. 80 on which lay off 960 by a 
fcale of equal parts from A to G* Fiaie II, Fig* 7* 

2. Let fall a perpendicular from C, to cut the line 
parallel to the margin'TB i fo fiiall A B fthe fine 
complement of the angle at Aj) be the perpendicu- 
lar^ and B C, (the fine of the angle at A, ) the bafc- 

Case IL Given the radius A B, 7 ;^ 5 feet ^ requi- 
red the tangent and fecant of an arch of 40 de- 
grees ? Or which is the fame thing, in the triangle 
ABC, given the perpendicular A B 735 feet, and 
the angle at A 40 degrees, required the hypothec 
nufeand bafe ? PL IL fig* 7, 

I. Make the given angle at A as before, and lay 



off 735» {torn A toB- 
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2. Ere£t a perpendicular at B, to interfeft the line 
AC, in C 5 fo fhall B C, (the tangent of tjie angle 
at A, J be the bafe ; and A C (the fecant,) the hypo- 
thenufe. 

Case IIL Given the radius B C, 617 feet -, reqiii- 
red the tangent complement, and fecant comple- 
ment of an arch of 40 degrees ? or, which is the 
fame thing, given the bafe B C, 617 feet, and the 
angle at A, oppoOte thereto, required the hypothe- 
nufc and perpendicular ? PL IL Fig^ 7- 

I- Ereft a perpendicular at B, on wliich lay off 
617, from B to C. 

2* Make an angle at C, of 50 degrees, (that is 
the complement of the given angle) then will A C 
(the fecant complement of the angle at A) be the 
hypothenufe, and A B (the tangent complement,) 
the perpendicular* 

Case IV, Given the radius, A C, 960, and the 
co-fine of an arch, A B, 735 feet j required the quan- 
tity of the arch, and the fine thereof ? Or, which is ' 
the fame thing, given the hypothenufe A C, 960, 
and the perpendicular A B, 735 feet, required the 
angles and bafe ? PI IL Fig"* 7. 

1. Ere6t a perpendicular at B, and lay off 735 
from B to A- 

2. Take 960, the given radius, with a pair of 



compafies, and one foot in A, with the other 
cut the bafe in C» fo the angles may be meafured 
by a line of chords, and the bafe by a line of equal 
parts* 

Case V* Given the radius A C, 960 feet, and B C, 
the fine of ^n arch, 617 i required the quantity of 
the, arch, and co-fine thereof ? Or, which is die 
fame thing, given the hypothenufe A C, 960, and 
the bafe, B C, 617 ; required the angles, and perpen- 
dicular 
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B* 



only, laying off 617 from B to C, and then taking 
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960 feet in the compaffes, and one foot in C, with 
the other cut the perpendicular in A ; fo the angles 
and perpendicular may be meafured. Plate II. Fig. 7. 
Case VI. Given the radius A B, 735 feet, and 
tangent B C 617 ; required the quantity of the arch ? 
Or, which is the fame thing, given the perpendi- 
cular A B, 735 feet, and the bafe B C, 6 1 7, required 
the angles, and hypothenufe? P/. II. Fig. 7. 
.. Make a right angle at B, lay off 735 feet from 
B to A, and 617 from B to C, and draw the line 
A C, which conftrufts the triangle ; fo the unknown 
parts may be meafured. 



CHAP. III. 
SECT. I. Trigonometry Arithmetically. 

TO make a table of natural fines, tangents and 
fecants, and thereby to folve all the varie- 
ties of right angled triangles. 

V^e have, in the preceding chapter, fliewn how 
the folutions to all the cafes of right angled trian- 
gles may be obtained geometrically, but as this 
would be too tedious for praftice, we (hall here 
ihew how they may be very expeditiouQy done by 
the rule of three. 

It is eafy to obferve, that, in the conftrudlion of 
ail the preceding triangles, though the radius of a 
circle be given, that is not fufficient, to obtain the 
unknownparts, for we muft always have the radius of 
another circle given, before wc can conftruft the 
triangle, vi%. the chord of 60 degrees, and we alfo 
have, in the fcheme for conftrufting the fines, tan- 
gents, and fecants, a triangle fimilar to that in quef- 
tion ; fo that in effeft we only make a triangle fimi- 
lar to a given one, and when the triangle is con- 

{lrj<?V"d, 
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ftrufted, the unknown parts may be meafured ; now 
^11 this may be^done without conftniding the tmngk. 
In order to perform this, we muft make a table 
where the fines, tangents, and fecants of every 
degree and minute of the quadrant may be had by 
inipcftion. This has been performed with great 
accuracy J by feveral eminent mathematicians to a 
radius of loooooo equal parts ^ but as in this trea- 
tife we do not explain the manner of extrafting the 
fquare root, we Ihall omit the calculations, and latis- 
fy ourfelves with meafuring the fevrral fines, un- 
gents, and fecants that have been geometrically con^ 
ltru6ted, and colled:ing them as in the following; 
table* 



« 



A Table of natural S I NE 5, TJNGENTS^ 
and SEC J NTS. 



Dtg. 1 Sine^, 1 1 T^|. | S*:ca. | | 


5 1 871 1 9962 1 87,- t r430 1 1003s t 1 1473 t 85 


10 1 1736IQ84SI 1763 56713110154(575331 So 


15 I 75SS 1 9659 t 2679 37320 ] 10355 1 3Sf^37 75 


20 1 3f(ZO 1 q3Q7 1 ^6^9 ^747* 1 iofni \ zc,z i.S j 70 


z; 1 42v6 1 9-63 1 4.6!:^ j ^144; | 1 1^34 j' 23662 | 6^ 


30 [ 50:0 1 86ftc 1 ^77-^ j i-?32o 1 tit;4^j \ ■zo^.co | bo 


35 1 5^3? 1 ^^9^ 1 7oc^2 1 »4^^^'i t «^io« 1 S7JS4 1 ^5 


40 f 64.ZS 1 7tj6-' 1 8390 t 1 19C7 1 i30Jj4 [ i;;?7 | 40 


iq f 7»7i 1 7"7' 1 ^oc<:o | 10000 | 14142 I r4U^ 1 4^: 


1 1 Sines. 1 I l^ang. | tJeia* I Deg! 



This table gives, by infpedion, the fines, tan- 
gents, and fecants, of every fifth degree of thcqua- 
drant of a circle whofe radius is 10000. And be- 
caufe it was before proved, that as the radius of a- 
ny circle, is to the fines, tangents, and fecants of 
the degrees of the fame circle, fo is the radius of 

any 
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other circk, « the fines, tangents, ancl fecants» 
of tJie degrees of this laft circle- Hence it is cvi- 
[dent that if the radius of any circle be tnown, the 
[fijie, tangent, and fecant of any arch in that circle 
jinay be found by the rule of three i or if the radi- 
[lj$, and the fine, tangent, or fecant, be known, we 
{may, by the fanie rule, find the quantity of the 
larch. The various fuUitions may be obtained by 
[the two following general proportions. 

Cafe L The radius and arch given to find the 
[fine, tangent, or fecant thereof^ or^ which is the 
fame thing, one fide and the angles^ given to find 
the other two fides* 

As the tabular radius loooo 
Is to the tabular fine, tangent, or fecant of any arch 
So is the radius of any circle, or the given fide 
[of a triangle 

To the required fine^ tangent, or fecant ^ or to 
1 the required fide* 

Cafe IL The radius, and fine, or tangent, or fe- 
cant of an unknown arch being given» to find th? 
quantity of the arch ? This is the iame, as if two 
fides of a right angled triangle were given, to find 
the angles. The proportion i^ 

As the giTen radius, or one of the given fides^ 
Is, to the given fine, or tangent, or fecant, or to the 
other given fide, 

So is the tabular radius 
To a fine, tangent, or fecant in the table. 
This iaft number, which is the refult of the operati- 
on, muft be looked for in its proper column, in the 
fable, and the degrees correfpondihg thereto^ will 
be the quantity of the arch, or angle required. For, 
it muft be obferved, when an angle is required, 
we do not work for the angle itfelf, but for the fine. 



tar^ent^ or fecant of it. 
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The fo! lowing Examples will fufficiendy illuftrate 
what has been faid on this head 5 which» it is pre- 
fumedj may be performed, either, by multiplication 
and divifion, or by the logarithms^ without any 
further directions, than thofe already delivered in 
the rule of three, and in the operations the very 
fame figures will be found, as in Ibme of the exam- 
ples of that rule. 

Cafe I, Given the radius or hypothenufe 960,* 
and arch 40 degrees, required the fine and co-finc 
thereof ? Or, which is the fame thingi the bafe and 
perpendicular ? 

Logarithms, 
As loooo the tabular radius 4.00000 

Is to 642 S> the co-fine of 40 degrees* 3,80807 
So is AC* q6o, the given radius or? ^ 

hypothenufe \ ^'^^^^7 

To B C 6iyA the required fine or bate 2.79034 

Operation* 6428x960=6170680, the logarithm 
of which is (the fum of the logarithiTi of the fecond 
and third terms j 6.79034, 

As tlie index is 6, the natural number correfpond- 
ing thereto, will confift at fevcn figures, and there- 
ibre cannot be found in the table, but there will be 
no occafion for finding this natural number, be- 
caufe whatever it is, it muft be divided by the firft 
term, the quotient will then be 617.0680 ^ and 
when the logarithm of the firft term is fubt rafted 
from the ium of the logarithms of the fecond and 
third terms, we fhali have 2*79034 the logarithm 
of 6(7,0680, nearly 617,1 and this may be had 
in the tabic, becaufe the index is 2 j fo there muft 
be but three figures of integers in the natural num- 
ber, and the fourth figure will be a decimal 

pafe II. Given the radius, or perpendicular A B^ 

735 



I 
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735 feet, required the tangent and fecant of 40 de- 
grees, or the hypothenufe and b.ire ? 

Cafe III. Given B C, 617 feet, the radius, or bafe 
of the triangle, required the tangent complement, 
and fecant complement, of an angle of 40 degrees, 
or the perpendicular and hypothenufe ? 

Cafe IV. Given A C, 960 feet, the radius or hy- 
pothenufe, and A B, 735 feet, the fine complement, 
pr perpendicular ; required the angle and fine there- 
of or bafe ? 

Cafe V. Given A C, 960 feet, the radius or hy- 
pothenufe, and B C, 61 7, the fine of an arch, or the 
bafe 5 required the quantity of the arch, or angle, 
and the fine complement thereof ? 

Cafe VI. Given B A, 735, the radius, or perpen- 
dicular, and B C 617, the tangent of an arch or 
the bafe ; required the quantity of the arch, or an- 
gle, and fecant thereof ? 

As thefe examples have been already done geo- 
metrically in the preceding chapter, it will be found 
when they are done arithmetically, by the fame me- 
thod the firfl: example is done by, we fliall find the 
refult agree with the former operations. 

S E C T. II. Of placing the three given Terms in 
proper Order ; and where they a'^e to befcimd. 

In the preceding fcftions we have fuppofed the 
given fide to be the radius of a circle •, but the fo- 
lutions may be obtained by making the given fide 
a fine, carigeHt, or fecant. 

The proper names of the fides of the triangle 
are hypothenufe, perpendicular, and bafe •, but as 
they may be confidered as fines, tangents, or fe- 
cants of the arches that meafure the oblique angles, 
they will thereby acquire another name, which we 
fhall call their fur-name. Now, as any fide of the 
triangle may be made the radius of the arch that 

meafurcs 



4^ OfpUdng ihe three given Termf. Chap* III 
meafures the oblique angles, this will occa^ 
fion their fur-names to vary according to the fide 

ftiade radius^ for, if the hypothenufe be made radi- 
us, as in Cafe I, the bale will be the fme, and the 
perpendicular the fine complement of the angle* 
if the perpendicular be radius, as in Cafe 11^ the hy- 
pothenufe will be the fecant, and. the bate the tan- 
gent of the angle. If the bafe be made radius, as 
in Cafe III, the hypothenufe will be the fecant com* 
plement^ and the bafe the tangent complement of 
the angle- Notiy By the angle is itnderftood that 
oppofite to tbe bafe^ denoted by A, and that at Cj 
©ppofite to the perpendicular, is called the comple- 
ment angle. Before we come to fhcw how to 
place the given terms, it will be proper to make 
the two following remarks, which will enable U9 
to difcover where the given things are to be found* 
Rem^ I. When the operation is for a fide, there 
is only one of the given things in the triangle^ 
which may be, indifferently, eidier the fecond or 
third term \ but we fhall always make it the third 
term, and fo the two firll terms will be in the 
table of artificial fines, He. and the two laft in 
the logarithms* 

Rem. 2. When the operation is for an angle, 
there are two of the given things in the triangle, 
^iz. the two given fides % their logarithms, muft 
be the firft two terms. The third term is the ra- 
dius in the table, whofe logarithm is, in the table 
of artificials, 10*000000, and when the logarithm 
of the fourth term is found by an operation, wc 
muft look for it in the table of artificials* in its 
proper column, the degrees correfponding to which 
is the quantity of the required angle. 

Hence it is obvious that the firft thing to be 
done before we can ft:aEe the terms of the propor- 
tionj is, to chufe one of the fides for the radius^ 

tUii 
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fhis will determine the fur- names of the other two 
fi<ks '5 (o that when a fide i» required every cafe 
will admit of three^ and when an angle is requi- 
red, every cafe will admit of two different operati- 
ons. 

When a fide is required, the firft term muft al- 
ways be the fur-name of the given fide ; the fe- 
cond term the fur-name of the required fide \ the 
third term thcs proper name of the given fide ; fo 
fliall the fourth term be the proper name of the re- 
iquired fide ; from whence we have the following 
general proportion. 

As the fur-name of the given fide "1 

Is to thefur-nameof the required \ t'^:^:^:^i 
fide J 

So is the proper name of the given 1 

fide / thefe to be feund 

To the proper name of the re- f in the logarithms. 
quired fide. J 

When an angle is required, there are always two 
fides given, and either of them may be made the ra- 
dius of the arch that meafures the oblique angles : 
The firft term- will be the proper name.of th:ir giv- 
en' fide which is made radius . the fecond term the 
proper name of the other given fide •, the third 
term will be the fur-name of the firit term, 
whiek will always be radius, and the fourth term, 
the fur-name of the fecond fide ; the proportion is 

As the proper name of that given fide, made nidius 

Is to the proper name of the other given fide. 

So is the fur-name of the firft term, viz. radius 

To the fur-name of the fecond term. 

Here the logarithms of the firft two terms muft 
be fought out of the table of logarithms, and when 
the logarithm of the third, jviz. lo.ooocoo, taken 
out or the artificials, is added to that of the fe- 
cond, and the logarithm of the firft, fubtraded from 
H thsiic 
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their fum, we Ihall have the logarithm of a fine, 
tangent, or fecant v this muft be fought out of the 
table of artificials, in its proper column, the degrees 
anfwering to which will be the angle required. 

The diflferent proportions for the folution of all 
the varieties of right angled triangles are expreffed 
in the following table. 



The proportion for the various folutions of the 
fix cafes of right angled triangles. 

Case i. Given hypothenufe and angle: required 
perpendicular and bafe ? 

■ R : CO- fine : : H : P and R : fine : : H : B 

PandSeft:Tang::H:B 

H : B and Co-feft : Co- 
Pi 



f HrR:co-fine::H:P 
J J PjSe6l:R::H:Pani 
^1 BJCo-feft: R::H: 
^ I (. tang::H:P 



Case 2. Given perpendicular and angle: required 
hypothenufe and bafe ? 

. Co-fine : R : : P : H and co-fine : fine : : 

T::P: B 

H and co-tanpj : 



Case 3. Given bafe and angle : required hypo- 
thenufe and perpendicular ? 

H ^ Sine : R : : B : H : and fine : cofine : : 




sT \ b':P' 
^-j P^T:Sea::B:H,ai 
(2 / B / R : co-fea : : B : Hi 



and T : R : : B : P 

I iand R : co-tanar : : 
B:P. 

Case 4. Given hypothenufe and perpendicular : 
required angles and bale ? 

H;B 
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^ X Hf H:P::R: co-fine, and R:fme::H:B 
j2 I P| P; H : : R : Seft. and R : T : : P : B 



Case 5. Given Kypothenufe and bafe : required 
angles and perpendicular ? 

H r H : B : : R : Sine and R :. co-fine : : 



„rHfH:B::R 

.53 V ^'^ 

"^ 1 B)B:H::R: 
*/. (. B:P 



co-feft. and R: co-tans 



o ■ 



Case 6. Given bafe and perpendicular : required 
angles and hypothenufe ? 

PrP:B::R; TandR:fea;:P; H 

co-tang, and R ; co-fcdl : : 



S rPfi'cB:: R 
^ ^ B} B:P::R 
^11 B:H 



This table contains all the varieties that can hap- 
pen in the folutions of all right angled triangles. 
It will be convenient, to have the radius in the given 
things, on account of the cyphers \ and it would 
not be amifs to work fome examples all the difFer- 
lent.ways, and it is prefumed, the fatisfaftion of 
feeing the fame figures to be the refult of the dif- 
ferent operations, would compenfate the labour. 
In praftice we (hall have no occafion for the natu- 
ral fines, and therefore they are not in the common 
navigation books^ for if we had them we fliould 
work by their logarithms, and thefe we have in the 
table of artificial fines, tangents, and fecarits^ they 
being only the logarithms of the natural. The fine 
of 5 degrees in the artificials is 8.940296, the 
neareft natural number correfponding to which is 
8716-, but as the index is 8, it fliould confift ot 
pine figures ^ which fiiews the radius by which the 
table was macje confifted, of eleven figures, and 
whereas the common tables of logarithms go no 



5^ Trig^Homeify iy Gunter^iT Lineh Cjeiap. Ill, 

fiirther than four figures in the natural numbers* 
we took loooo for the radius by which we made 
our table of natural fines^ tangents, and fecants, 
only to every fifth degree, that; being fufficient to 
fliew that the artificials are the logarithms of the 
natural i for if 6 be fubtrafted from the index of 
any artificial fine, tangent, or fecant, we fhall have 
the natural fine, tangent, or fecant, correfponding 
thereto in the table of logarithms ; the index of the 
artificial fine of 5 degrees is 8, from which taking 
6, remains 2.940296 ; the neareft natural number 
correfponding to this is 871.5, which is the natu- 
ral fine of 5 degrees to a radius of 10600 as in the 
table, and all thq other natural fines, tangents, and 
fecants, in the table, upon examination, will be 
found to be only natural numbers, of which the ar- 
tificial fines, tangents, and fecants, are the la* 
garithms. 

Wc have, in Se6t. 4, page 1 6, fliewn how to con* 
ftruft Gunter^s line of numbers, and the manner 
of working any queftions in the rule of three by 
it, and flhall here flic>y how all the cafes in 
trigonometry may be folved by Gunier^s lines. If we 
work by the natural fines, tangents, and fecants, 
this is performed in the fame manner as before 
direfted, by the line of numbers only -, but as the 
artificials are all ufed in the calculations, Mr Gun^ 
tef has likewife conftrufted a line of artificial fines 
and tangents adapted to the line of numbers, which 
are the logarithms of the natural. Againft 5 de- 
grees on the line of fines, is 871 on the line of 
numbers ; againft 10 on the line of fines is 1736 on 
the iine of numbers, evidently the natural fines cor- 
refponding to thofe degrees, as in the table, andil . 
will be the fame with all the reft. The lines being 
thys confirudted, the operations ii> triangles will be 
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the Umt a$ia die rule of three, and may be fol* 
ved by this general rule. 

1. Place the terms as before direfted, fo (hall the 
Brfl: and fecond be of one naipe, and the third and 
fourth Ukewifeof one name, though different from 
the two firft termj, 

2. Extend from the firft to the fecond term, up- 
on the line of numbers, when they are fides of 

' the triangle^ but, if the fijft two terms be fines or 
tangents, we mufi: extend on thefe lines, and this 
extent will reach from the third term, to the fourth* 
iVi?/^, If the firft two are on the line of numbers, the 
pt/ier two will be either on the fines, or tangents, 
and the -contrary. The two following examples 
will fufficiently illuftratc what has been faid on this 
bead* 

Example I. Hypothcnufe 960, angle 40 degrees, 
^#equired bafe and perpendicular ? 

In order to make the firft and fecond term of one 
(lame, inftcad of the radius we fliall take the fine 
pf^ 90 degrees, fo it will be fine 90: fine 40 : : 960: 
617 bafe ; and fine 90 : co-fme 40 : : 960 : y^^ the 
perpendicular. The extent upon the line of fines 
from 90 to 40, will reach on the line of number? 
from 960 to 6iy^ and the extent from 90 to 50, 
(the complement of 40) on the fines, will reach 
from 960, on the line of numbers, to 735* 

Example 2. Bafe 617, perpendicular 735 feet; 
required the angle ? 

7J5 : 6^7 : : R : T. Here the firft and fecondi 
terms are of pne name, and to inake the third and 
fourth of one name, inftead of the radius, take 
the tangent of 45,, and it will be 735 : 617 : : tan-^ 
gent 45 : tangent 40 j or 6i 7 : 735 : ; tangent 45 : 
jaogen? 50* In b«h thefe prpportions, die extent 

from 
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from the firft to the fecond, on the line of numbers^ 
will be the famej and of confequence, when laid off 
on the line of tangents, it will reach^ in both cafes, 
from 45 to the fame point in that line. 

The line of tangents on the fcale is numbered 
from 1 to 45, which is equal to the radius, and 
the tangents above 45 are on tliis line in the fame 
points with their complements j that is, the tangent 
of 46 is in the fame point with that of 44 % the 
tangent of 40 and 50 are jn the fame point % by 
this means every point in the line of tangents will 
ftand for the tangent and co'tangent of any arch or 
angle ; and, in order to know which of the two is 
that which is required, obferve whether the firft or 
lecond term be greateft ; for, if the fecond be the 
greateft, the fourth term will be greater tlian the 
third, and therefore more than 45 j but, if the fe- 
cond term be lefs than the firft, the fourth term 
will be left than 45 degrees, as in the preceding ex- 
axhpJe. When 617 is the fecond term, the fourth 
will be 40, the tangent of the angle 
735 is the fecond term, the fourth will 
tangent complement of the angle. 

If there be a fecant in the proportion, 
cannot be had by thefe lines, becaufe no 
the radius of the fame circle can be of equal length j 
for the radius lies betwixt thd center and circumfc- 
rence, whereas the fecant muft be produced beyond 
the circumferencCi 

Having now explained all the various ways of 
folving right angled triangles, viz, geometrically, 
arithmetically, and by Gunler^s lines, we have fa 
far executed the firft part of the plan* Ncverthe- 
lefs it will not be amiis^o recapitulate the iub- 
ftance of what has been faid on the whole, 

1. In the rule of three there are four numbers 
concerned, only two of which are in the triangle i 

for 
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for it is a great miftake to imagine, becaufe in e- 
very cafe there are' always three parts, independant 
of one another, of the triangle known, that thefc 
are the terms of the proportion, no, it is evident, 
by all the preceding operations, that we have in 
conftrufting, the fines, ^c. formed a triangle fimi- 
liar to that in queftion, of which we have all the 
parts, fo that in efFe£t it is only making a triangle 
fimilar to a given one. {See Theo. 6, Chap. 2 ; and 
^e£f. II Chap. III. 

2% As the whole of trigonometry confifts in mea- 
furing the fides and angles of triangles ; before this 
can be performed we muft actually divide the cir- 
cumference into degrees, and even into minutes, 
and from thence conftruQ: a line of chords to make 
or meafure angles ; we muft likewife make a fcale 
of equal parts to meafure the fides, {fee Prob. 8 and 
9) by thefe two lines the geometrical folutions are 
performed, and in order to do the fame arithmeti- 
cally we muft prove 

3. That all the angles of any triangle make 180 
degrees, that the radius of any circle is equal to 
the chord of 60 degrees of the fame circle, {See 
Theo. V. Inf. i and 4, and that as the radius of any 
circle is to the chords of the degrees of that circle, 
fo is the radius of any other circle to the chords of 
the degrees of this laft circle, (SeeTheo. VI. Inf. i^ 
We muft likewife explain the fines, tangents, and 
fecants, and that in different circles they are in 
proportion to their radiufles, and that the fides of 
a right angled triangle may be confidercd as fines, 
tangents, and fecants, and a table of natural fines, 
tangents, and fecants calculated, before the foluti- 
ons can be obtained arithmetically. {See Sedf. IV. 
Chap. II. •^ 

4. To prevent the tedious operations by multi- 
plication and divifion, the nature and ufe of the 

loga- 
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logarithms mufl: be explained, (See SeS, 3, Chap, 
ly alfo the conftfuftion and ufc of Gunier^s lints, 
(See Se^J^ 4, page 1 6.) 

We ftiall add one example more in each cafe, and 
to ihew that navigation is performed by right an- 
gled triangles, we fhall make ufc of the fame ex- 
amples when wc come to plain failing, only giving 
the fides different names. 

Cafe I- Hypothenofe 180 miles, angle 70'' i^% 
required perpendicular and bafe? 

Cafe 2* Perpendicular ^00 miles, angle 33^ 45^ 
required perpendicular and bafe ? 

Cafe 3, Bafe 60 miles, angle 11° 15', required 
hypothenufe and perpendiatlan 

Cafe 4, Hypothenufc f8o> perpendicular 61 
miles, required angles and bafe ? 

Cafe 5. Hypothenufc 240^ bafe 133, required an- 
gles and perpendicular? 

Cafe 6. Perpendicular 30 2> bafe 60, required 
angles and hypothenufe ? 

To render trigonometry ftibfement to naviga- 
tion, the polirions of places, and their diftances 
from one another muft be determined, which is the 
bufinefs of geography, the principles of which are 
next to be confidered. 



CHAP. 



IV. 



0/ G E O G R A F H Y- 

IT has been found by experience that our earth 
i$ not a flat extended plane ^ this the mariner 
can roake no doubt of, for when he is at fea, out 
of fight of land, he finds bimfelf in the center of a 

circle 
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cfercici irti the citcumference of which the fea and Iky 
feem to unite the heavens, at the fame time, fof-m- 
ing a concavt fphere over his head. NoVr, fuppofe 
he fees any objeft^ fuch as a Ihip, or fmall ifland, 
juft appearing out of the watefi, and fail direftly 
to it, he will find himfelf when he arrives at that 
place, the fame diftance ffom the circle that termi- 
nates his fight, as before ; and likewife furrounded 
by a concaviC fphere over his head, all the parts of 
Vrhich will be at the fame diftance as before, which 
t:ould not poffibly be^ if the earth and fea together' 
did not form ^ body of a globular forrn. This is 
What they call the tereftrlal of teraqueous globe, and 
in order to give us an idea of the pofition of pla- 
ces^ they.chufe to lay them down upon an artifici- 
al globe, made to reprefent the real one in which 
>siirelive. 

They likewife have made another to reprefc-nt 
the heavens^ which they call the coeleftial globe, for 
though they form a concave fphere, yet they have 
delineated all the conftellationsj and principal ftars, 
Upon the convex fuperficies of this gbbe, in fuch a 
mannery that> if it were tranfparent, and the earth in 
the center, to an inhabitant on the earth, they. would 
all appear as they aftually do a^ie heavens. 

is E C T. I. Geographical Definitives. 

Vtf. I. A globe, or fphere, is a folid body, 
^hich has a point within it equally diftant from all 
parts of the circumference ; it may be formed by 
the revolution of a femi-circle round its diameter, 
fuppofing the diameter wholly immoveable. 

2. The axis of the globe is the line pafTing 
through the center, round which the .artificial globe 
is turned : The earth likewife is fuppofed to move 
iu)und an imaginary axis, which occafions the diur- 
nal revolution of the fun and ft^urs. 

i 'x^.TV^ 
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3. The poles are two points in the furface of 
•^the globe, through which the axis is fuppofed tc _ 

pafs J and if the earth''s axis were produced both*! 

ways to the heavens, it woqld pafs through both 
i the coeleftial poles, round which the heavens^ 
f with the fun, moon, and itaFs, feem to move in 24 

hours ^ one of thcfe is called the, north or arftick ;. 

the other, the fouth or antarctick pole- There is a 

ftar in the heavens near the north pole, which, feem- 

ingly, has little or no motion,, and called the norths 

or pole ftai?- 

4» Meridian's af e great circles interfedting. one a- 

nothef in both poles* NoUf Great circles ^re fuch 

as divide the globe, and. of confequence each other, 

into two equal parts. 

5. The equator, or equinoftial, by marirters cal- 
led the line, is a great circle equally diftant from 
both poles, and dierefore bifefts all the meridians at 
right angles. 

6. The ecliptick is 1 great circle in tl-ie heavensr 
cutting the equinoftial in an angle of 23*^ 29^ 
The fun is always in this circle, in which he appears 
to us to make an entire revolution injone year, this 
is, what is called the fun's annual motion j and 
whereas the licavcns feem to revolve round us once 
in 24 hours, the fun feemsby that motion to de- 
fcribe a circle in the heavens every day^ which is 
called the fun's diurnal motion, 

7. Parallel circles, are Imall or lefler circles, which 
divide the globe into two unequal parts, thofe that 
are drawn upon the globe are. parallel to the equa- 
tor, and are called parallels of latitude on the ter- 
reftrial, but parallels of declination on the coeleftial 
globe. 

Thefe are all the circles which are actually drawn 
upon the globes, but there are other imaginary 
ones, which, though they cannot be adtually drawn, 

bccaafe 
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'becaiife they vary as the obftrver changes his fitu- 
ation I yet they may be reprefented by the wooden 
frame, and other apurtenances* 

8. The horizori is that circle in the heavens 
■which terminates our frght i as^ fuppofing the ob- 
ferver at fca, he always finds himfelf in the center 
oi a circle, the fta and Iky feeming to unite at the 
utmoft vifible extent of his fight. This is repre- 
fented by the wooden frame, 

9, The zenith, is that point in the heavens right 
t)ver the obferver's head ; and that point in the hea- 
irens right oppofite to it, is called the nadir: If a 
line were drawn frotri the zenith to the nadir it 
would pafs through the center of the earth perpen- 
dicular to the horizon, and likewife pafs througii 
che center of the horizon ; fb the zenith and nadir 
are exaftly 90 degrees from every point in the pe- 
fiphery of the horizon, this is called the rational 
horizon, and divides the earth into two equal parcsi 
called the upper and the lower hemifpheres : The 
horizon feen by us is the fenfible or vifible, and is 
always parallel to the rational^ the femi-diameter 
of the earth being the diftance betwixt them* 

10. Azimuths are great circles paffing through 
the zenith and nadir, and therefore perpendicular 
to the horizon, they, together "with the horizon, 
zenith, and nadir^ alter their pofrtion according to 
the fituation of the obferver, and are, in refpeft to 
the horizon, what meridians are to the equator, for 
if the poles be in the zenith and nadir, the equator 
will become the horizon, and all the meridians azi- 
jnuths. The meridian of the place is an azimuth ' 
circle cutting the horizon in the north and fouth 
points, and the azimuth circle, which cuts the ho- 
riEoo in the eaft and weft points, is called the prime 
vertical 

11, Alniicanters arelefler circles parallel to the 
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horizon, they are Ukewife called parallels of aid- 
tude. 

12. Latitude of a place is its diftance from the 
equator meaiured on an arch of the meridian i it is 
either fouth or north, as it lies tu the Ibuthward or 
northward of the equator. 

i3< Longitude of a place, is the diftance betwixt 
the firit meridian, and the meridian of the place 
meafured on the equator. In order to determine 
the latitude and longitude of places, one of the 
meridians is graduated both ways from the equa- 
tor to each pole, this is called the firft meridian j ic 
has no longitude, becaufe the longitude is counted 
from it*, there are parallels of latitude drawn thro' 
every tenth degree of it, on both fides of the equa- 
tor. The equator is divided into 360 degrees, and 
meridians drawn throu^jU every tenth degree of it i 
and though there be no more actually drawn upoa 
the' globe, we may fuppofe a meridian and a parallel 
drawn through ^iny point on its fur face, and thp fe 
are fupphed by the brazen meridian in which the 
globe turns ; now the latitudes ar£ always meafu- 
red on the meridian, and will be the neareft diftance 
pf any place to the equator^ bur the longitude of 
any place is mealured on the equator, and will ne- 
ver be the nearett diftance to the firft meridian, ex* 
pept when the place is in the equator. 

14. Difference of latitude is the diftance betwixt 
the parallels of two places meafured on the meri^ 
dian. 

15. DlffLTence of longitude is the diftance be- 
twixt the meridians of two places meafured on th^ 
equator. 

16. Departure of any pjace from any meridian 
is its diftance from that meridian, meafured on the 
parallel of latitude of the place, which will be 
a^Iways lefs than the difference of longitude if the 

place 
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. place has any latitude, bccaufe this is meafured on 
, the equator, whereas the departure is meafured on 
the parallel: The departure will indeed contain the 
fame number of degrees that the difference of lon- 
gitude does, but thd degrees of the departure wifl 
contain fewer miles than tlioie of the difference of 
longitude. If there be two places A and B, in dif- 
ferent latitudes and longitudes, the departure be- 
twixt them cannot beexaftly determined; forfup- 
pofe A to be in 30 degrees, and B in 40, both of 
the fame name. A E the diftance betwixt A and 
_ the meridian of B, meafured in the parallel of A, will 
m be greater than F B^ the diftance betwixt B and the 
meridian of A, meafured in the parallel of B; there* 
fore it is ufual to reckon a ^ for the departure in 
the parallel of 35 degrees, the middle latitude be- 
twixt the two places : Of this more when applied 
to navigation. Plate IV. Fig. i, 

r. :« 17 PecUnation of the fan or a ftar, is its dif-" 
tance from the equinoctial mealured on a meridian, 
iS. Tropicks are two fmaUer circles drawn pa- 
rallel to the equator at 23** 29' diftant from it» 
they limit the fun*s courfe j the northermoft is cal- 
led the tropick of Cancer^ and the fouthermoft tliat 
ft of Cdpriecrn, 

rg. Polar circles are 23^ 29' diftant from each 
pole, that at the north is called the ardick, and 
that at the fouth the antarftick. 

All the circles on the terreftrial globe are like- 
wife defcribed on the cceleftialj for, though the hea- 
vena* are a concave fphere, all the circles may be 
duly reprefcnted on a convex one, and, if the ob- 
fcrver be fuppofed in the center of the terreftrial, 
and both it and the cceleftial tranfparent, he would 
fee all the circles of the terreftrial globe coincide: 
with diofe drawn on the convex furface of the cce-- 1 
Ifftial, as was before obferved* The meridians 

would 
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Tflpould intcrfeft one another in the poles in the hea- 
vens, and the ccekftial equiiiodUal would bilTeft all 
tbofe meridians at right angles in the heavens, m 
the fame manner as the eqfiiator m the terreftrial in- 
Ccrfefis the meridians upon it. 

Infirence h The diftaace of the zenith from the 
cqifmoftial in the heavens meafured on the meridi- 
^an^ is the latitude of the place \ for if one line be 
drawji from the center of the earth to the place it- 
ielf, and another tQ that place on the earth's fur- 
face, where the meridian of the plaoe interfefts the 
equator, the angle formed at the <:€nter will be 
meafured by the arch of the meridian intercepted 
betwixt the place and the equator, and if both thefe 
lines be produced to the heavens, the one will ter- 
minate in the zenith, and the other in the equinoc- 
tiaL Now the arch in the heavens contained be- 
twixt the zenith and equinoftial will contain the 
fame number of degrees with that intercepted be- 
twixt the place and the equator, which is actually 
the latitude of the place. 

. z. If the diftance of any cceleftial objeS: from 
the zenith can be obtained by any inftriiment, and 
alfo the declination of that objcft, or its diftance 
from the equinoctial, we may then find the latitude 
of the place, as fhall beilluftrated by various exam* 
pies in anodier place. 

3> The great eft latitude cannot exceed 90 de- 
gte^s, and the greateft diiftrence of latitude cannot 
exceed 180, 

4- If two places be on the fame fide of the e- 
^uator, but, on different parallels of latitude, their 
difference of latitude will be found by fubtrafting 
the one from the, other \ but if they be on difterent 
fides of the equinoftia!, their difference of latitude 
i& the fum of both latitudes added together. 

^, In failing towards the equator we decreafe, 

but 
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but in failing from the equator we increafe the lad- 
tude^ fo that if the latitude failed from be kr*own, 
fuppofe A, in 50 degrees north* and ihe differcace 
of latitude be likewile knowriy fuppofe' 600 miles^ 
that is TO degrees Ibuthtriy^ here we are liiling to- 
wards the equator, therefore fubtrading ten de- 
greesj the difference of latitude from 50 degrees, we 
have 40 degrees the latitude of B % but if tlie difter- 
ence of latitude were nonherly, it niuft be added to 
50 degrees, which gives 60 degrees the latitude 
come to. When the difFerence of latitude exceeds 
that failed from, it is plain we crofs the equator^ 
and come to a contrary latitude, which is found by 
fubtrading the latitude failed from, out of the dif- 
ference of latitude V for let that failed from be 20 
degrees north, ami the difference of latitude 30 
degrees ibutherly, tl>e latitude come to would be 
10 degrees fouth. 

6. The height of the pole above the horizon is 
equal to the latitude of the place^ for it is evident- 
ly equal to the diftance of the equator from the ze- 
nith. 

Though the earth is a fphere, and all the places 
on its furface moft naturally deicribed on a glube, 
it h more convenient, efpecially for navigation, to 
defcribe them on planes 1 this is what is called the 
projection of the fphere, which is the next thing 
to be done, 

SECT. IL 

I ThiproJeSion of ihe Sphere en a Plane. 

There are feveral ways of projecting fohds upoa 
a plane, we fhali only treat of the orthographic, be - 
. caufe all th^t is neceffary in navigation is in thi& 
I projefl-ion, performed by ftrait lint;d right angled 
I triangles. "* 

I The manner of projeftihg any folid orthogra- 
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phically on a plane, is by fuppofing the body to 
be cut into two or feveral parts by one or more 
planes parallel to one another j now^ if a plane cut 
the body into two parts, the plane may be fo tar- 
extended that each part of the llirface may be re- 
prefented on this plane, by letting fall perpendicu- 
lars from each point of the furface to the plane % 
tiiefe lines are called the projecting lines^ and will 
be alt parallel to one another ; the point where thefe 
lines meet the plane of the projection^ will give the 
pofition of thele places on that plane. I^ote^ the 
thing to be projected is called the original, and the 
plane on which It is to be projected, the plane of 
die projection. 

Let us then fuppofe the globe to be cut by a 
plane pafling through both poles, it will likewife 
pafs through the c^nvtry and of confequence divide 
it into two equal parts, each being one half of the 
globe : Being thus cut it will lay flat on a table % 
the bottom on which it ftands will be a circle, in 
tiik cafe a meridian, whofe diameter will be eqi>a! 
to that of the globe. After being thus cut and laid 
flat upon a plane, if perpendiculars be let fall from 
all places on its furface to the plane on which it 
ftandsi^ we {hall have one half of the globe projec- 
Ifed^ 9II within the circle, and, as it is by the latitudes 
and longitudes the fitiiation of places are determined^ 
we may projeft all the meridians and parallels on 
this plane, and the places may be laid down ac- 
cording to their true latitudes and longitudes 1 now 
all this may be performed with greater exaitncfs^ 
without cutting the globe^ by the following method \ 
it was necelfary to obferve this, to underftand the 
principles from which the operations are deduced^ 

I , Defcribe the circle PES Q^, to cepa^fcnc the 
meridian j let V be the north, S the fuuth pole *, 
P S the axis, E Qjthe equator, tor though it is only 

the 
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the (Jiatncter of it, yet, as the plane on which half 
of the globe now (lands is a meridian, the half of 
the equator would be on the furface, and if perpen- 
iliculars were let fall from each point of it, they 
would all fall on the line E Q^^ and for the lame 
reafon all the parallels of latitude will be reprefent- 
ed by their diameters^ and drawn parallel to the 
line E Q^, TUr« 4 /y ^^^^ 

2. Graduate the equro)r into degrees, by laying 
a ruler over the feveral divifions. of the circumfe- 
rencie, parallel to the line P S j the points where 
the ruler interfefts the line E Q^ will graduate it 
into degrees, and, though they are equal on the 
globe, they will here be qnnequal, for they are the 
fines of the arches. 

The meridians are all .circles on the globe equal 
to the equator, but as they interfed: one another in 
the poles, they cannot be reprefented by ftrait lines 
on the plane of the meridian •, they will all become 
curves when projefted on this plane, but not circles. 
One of them which is at right angles to the plane 
of the projeftion is a ftrait line, and here repre- 
fented by the line P S, the earth's axis : In order 
then to find the points in each parallel through which 
the meridians muft pafs, the parallels mult all be 
divided into degrees ; now the parallels here are 
teprcfented by their diameters, as well as the equa- 
tor by its diameter, they muft therefore be divided 
into the fame number, of parts, and into the fame 
proportion with the diameter of the equator, al- 
ready properly divided i and to divide the diame- 
ter of each parallel into the fame proportion, let 
us (by Proi. 9, Ch-ap. II.) make the radius of the 
equator the fide of an equilatc/ral triangle ABC, 
fo fhall each fide of the • triangle be equal to the 
radius of the equator. Then lay off the feveral 
parts of the radius of the equator,' upon the lines 
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A B, and AC; fo lliall Q io^ Q io» in the 
plane of the projeftionj be the fame with A, 80, 
A, 70, in the hne A B, and in the line A C, the 
fides oP the triangle. Now when Unes are drawr\ 
from the points io» 2o» &c. in the line A B, to 
the fame points in the line A C, they will be equal 
to the radiufles of tl^fce leveral parallels, and all pa- 
rallel to B C, the bafe of the triangle i all that re- 
mains to be done is to transfer the divifions of the 
radius of the equator to B C, the bafe of the tri- 
angle, and then lines drawn from A to the fevc- 
ral divifions of the bafe, will divide all tlic paral- 
lels into the fame proportion with the equator. 

Having found all the points, the meridians may, 
by a fleady hand, be drawn through thefe points, 
for as they arc cllpfes they cannot be drawn with 
the common compaflTes, which is an objedlion to 
this projeftion on the plane of the meridian ; but 
this obftacle is entirely removed, becaufe, in the ca* 
fes we fliall make ufe of it, we fliall have no occa- 
fion to draw the curves, only to find the place in 
any parallel of ladtude where any anigned meridi- 
an fhall interitftitj or, if that be known, to find 
where the meridian will incerfeft ti\e equator. How- 
ever we fhall fliew liow the meridians may be pro- 
jefted into ftrait lines by the fame principles. 

Let the globe be cut by a plai>e paffing through 
the equator, then kid flat upon a plane, the 
lc6tion will be a circle, and the bafe or bottom on 
which it ftsinds will be the equator, and, when the 
half of the globe is in this pofition> if a perpendi- 
cular be let tall from the pole, it will come righfe 
in tlie center of the circle, and, as all the meridians 
interfeft one anocher in the pole, they will, in this 
projeftion^ be ftrait lines, and the parallels of lad- 
tude will be circles : The radiuffes of each will be 
the fame in both projections, tliac is^ the fines of 

their 
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their complements. Let the line A P C be the 
diameter of the firft meridiaji, and P A the radi- 
us properly divided into degrees, which will there- 
by become a line of fines ; and when cir^s from 
P» as center, are drawn through the feveral divilj- 
ons 7o» 80, £s?^. they will all be parallel to tlic 
equatorn, and therefore parallels of latitude, and it 
is evidenc their radiulTes will be the fines of lOi 
20, &£, the complements of their latitudes in this 
projeftion. In the former projeftion G H is the 
radius of the parallel of 40 degrees, evidently tlie 
Jjne of 50 degrees, the complement of the latitude. 

The meridians and parallels being thus drawn, 
places may be laid down according to their lati- 
tudes and longitudes taken out of the tabks. Phie 
IV. Hg, 3. 

Let C E be 60 miles, equal a degree of the c- 
quator i draw the lines P E and P C, fo Ihall the 
diftance betwixt thefe lines in each parallel be one 
degree, and when meafured by the fame fcale of 
equal parts, that the 60 miles in the equator was 
taken from, we fhall have the number of miles that 
make a degree in any of thefe parallels of latitude : 
This is the very fame thing, as if the difference of 
longitude betwixt two places in one parallel of la- 
titude were given, to find their departure^ that h^ 
their diftance in that parallel * And to find it by 
calculation, the proportion will be. As the radius 
of the equator is to the radius of the parallel \ 
(or, which is the fame thing, the fine-complement 
of the latitude,; fo is their difference of longi- 
tude to their departure % or, if the departure be 
given CO find the difference of longitude, it will 
be, As the radios oi the parallel (or co-fine of the 
latitude) is to the radius of the equator, fo is 
the departure (or diftance betwixt two meridians in 
any parallel of kdtudci to the difference of Ion- 



"5^ Of the Sm Charih Chap. V. 

the equator does, for which there is no remedy in 
the plain chart, but as this chart is abfolutely ne- 
crfiary in navigation, we fhall here fliew how it 
imy bcconftrufted, and afterwards, how the errors 
in the plain are correfied by MtTcaior's chart. 

S E C T. L 

Ci^nfiruSfion af the plain CbarL 

Thb may be made to contain the whole or any 
part of the earth, but as the parallels of latitude 
sune eqi^al to the equator^ it will be fufEcient for our 
piirpofr to make one from the parallel of 50^ to 
ihat of 61. To perform this, there is no occa- 
Con to fuppofe the earth to be a flat extended ^plane, 
but only to repreient the equator by a ftrait line ; 
and becaufe the meridians are all perpendicular to 
the equatorj if they be like wife reprefenred by 
ftrait Unes^ this will, of neccffity, occafion them to 
be pirailel to one another, the thing that is pro* 
poled- PlaieV, Fig. 2- 

Draw the line Y Z to reprefent the parallel of 
50 degrees, and ereft the perpendiculars W Y, and 
X Z, to reprefent two meridians, and in this it 
*will agree with the globe, b6caufe the meridians in- 
terfeft all the parallels at right angles. 

2. By any convenient fcale of equal parts, lay 
off 660 from Y to W^ and from Z to X, and 
'draw the line W X which will be the parallel of 
61 degrees, lor ii degrees is 600 miles, 

3- l^ivide dieoieridiaos into degrees ; thus, take 
60 by any line of equal parts, which lay off on 
the Hnes Y W, and Z X, to 51, and from 51 to 
52, &?r* and where the degrees will admit, they 
may be* fqbdivJded into halres, and quarters^ or 
into milefi. 

4. Gra- 
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4. Graduate the parallels W X, and Y Z^ into 
degrees, making them equal to thofe of the meri- 
dian^ and draw the line. A V to reprefent the 6rSt 
meridian, from whence the longitude is to be ac- 
counted. , 

The chart being thus limited, we may lay down 
places upon it by their latitudes and longitudes i 
but it mull be obferved that the departure and 
difference of longitude on this dhart are the fame 
thing. 

I^t it then be required to lay down the following 
places according to their latitudes and longitudes, 
as follows. 

Latitude North. Longitude Weft. 

Beg. Mia. Dcg. Min. 

H 51 1 2 4J 

C 54 21 5 02 

D 59 23 6 02 

E 61 00 6 02 

F. 59 59 3 13 

G 56 39 I 00 

H 51 37 o 00 . 

A 50 CD o 00 

In order to lay down thefe, firft draw a line pa- 
rallel to Y Z, 6i miles diftant from it. Now it is 
certain B muft be fomewhere in that line, and be- 
caufe it is in Weft longitude, lay^ off 169 miles 
from A and V, towards Y and W, or, which is the 
fame thing, 49 miles from the fccond degree of lon- 
gitude, and then draw a meridian^ which will inter- 
feft the parallel in B : In like manner, lay off 21 
miks from 54 deg- on both the meridians, and there • 
draw another parallel of latitude •, then lay off 2 
miles on the parallels W X, and Y-Z, from the stfi 

deoj:^^ 
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degree of longitude, and draw a meridian to inter- 
fed the parallel in C* all the reft may be laid down 
by this general rule, Firft, look for the latitude on 
both the graduated meridians, where draw a paral- 
lel of ladtude. Secondly^ look for the longitude on 
the graduated parallels^ where draw a meridian, 
iftfhich will interfeft the parallel of latitude in the 
place required : Or^ if the places be already laid 
down, their latitudes and longitudes may be found 
by drawing a parallel and meridian through each, 
to interfed the graduated meridians and parallels^ 
which will giv^e their latitudes and longitudes: Or^ 
by taking, with a pair of compaffes, the neareft 
diftance of the place from any parallel of latitude, 
and laying it off Irom that parallel on die gradua- 
ted meridian, and this will give die latitude ; The 
longitude is found by taking the diftance of the place 
from any meridian, and laying it off from the fame 
meridian on die graduated parallel. 

The places being thus laid down, if we draw a 
line from A to B, from B to C, &c. we Hiall hav^ 
fo many right angled triangles. "Hence it will be 
eafy to apply the doftrinc of right angled triangles 
to navigation, for, it is evident, that Upon the plain 
chart the diftance, difference of latitude, and depar- 
ture, always makes a right angled triangle,' the dif- 
tancJanfwers to the hypothenufe^ the difference of 
latitude to the perpendicular, and t!ie departure to 
the bafe, the courle is the angle which the rhumb 
line the fliip fails upon makes with the meridian, 
and is obtained by the mariner's compafs, as was 
before obferved. The diftance is had by the log 
line, which muft be very carefully divided, fo that 
every knot may contain exaftly the 1 20th part of 
an hour, for then the fliip Avill go juft as many 
miL s in an hour as there are knots of the line run 
out in half a minute. It will not be eafy to deter- 
mine 
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mine how many miles will make one degree \ this» 
on land, has been done by aftijal menfuration, by 
feveral eminent mathematicians, to whom recouric 
muft be had for dettTmining this point \ buLas the 
mariner may have frequent opportunities of failing 
on the meridian, if then the obferved latitude a- 
grees with that by account, it is probable the line 
is truly divided, bur if there be any confiderable 
difference, it may be prefumed the taulc nnift be 
in the line, for the glafs may be adjufted exaftly to 
30 feconds j and if, upon frequent trials, the fame 
error is found, the line may then be tmly divided- 
But, as the courfe cannot be depended upon with, 
certainty on account of currents, it is do wondtrr 
tfie mariner often falls into great tirrors, 

Tk^ Refolutmi i?f ike St^ C^fes &f Plain Sailing. 

As thefe will be fo many right angled triangles, 
we (hall refer to the fuc cafes in trigonometry for 
their conftrticlion 5 and here only remark, that, as 
the angle i$ given in points of the compafs, it, for 
the moft p^rt, will con (ill of degrees and odd mi- 
Jiqtes, v^^hich cannot be taken off^ the line of chords 
Gxaftly, for which reafon there is aline of rhumbs 
to be ufed, inftead of the chords, for fetting oft' the 
courfe i this is only a line of chords, the quatlrant 
being fir ft divided into eight equal archts, and tbefe 
fubdivided into halves and quarters, and from 
thence transferred to the chord of 90 degrees, 
which will be equal to eight points. The line be- 
ing thus conftrpded, before it can be ufed for the 
courfe^ we muft firft defcribe an arch with the 
chord of 60 degrees, taken from the line of chords, 
to which the rhurpb line is adapted* Ag.iin, as in 
triangles, rJie perpendicular is drawn parallel to the 
ijiargjn* it wili be convenient to draw the difler- 
ence of latitude lo alfo \ and of confequencc die 
K L de^i^tute 
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departure will be parallel to the torp and bottom, 
as the bafe is in Trigonometry \ for in all books 
(where it is not othrrwife expfelted) eaft is on the 
right, and weft on the left hand, the top north, 
and the bottom kKi>tb ^ fo that in failing betwixt 
N and W^ the angk of tlie courfe muft be at the 
bottom on the right hand ; but if between the N, 
and the E, the angle of the courfe muft bt at 
bottom^ on the left hand : If the courle be fouth- 
erly, it muft be on the top when eafterly ; but on 
the right hand when wefterly- 

In projtding the following examples, it will be 
proptr to draw the equator in each ;. fo then we 
may conripare the latitude found by prelection witlt 
that by calculation, PL IL Fig. 9. 

Case i. A fhip in 16 deg, 10 min.N. lat. lails 
S W by S 4 W 96a miles i required the latitude 
come to am.1 departure ? 

1. Draw the line E Q^ to reprefent the equator, 
and becaufe we are failing on the S W quarter, 
creft a perpendicular on the right band at Q^ 

2. Lay off, by a fcde of equal parts, 970 miles, 
tlut is 16 degrees 10 minutes from Qjo A, which 
muft b^ the latitude, the (hip fails from. 

3< With the chord of 60 degrees from theiCen- 
tt^r A, defcribe anarchy on which lay off 3 -^ points, 
that being the courle. 

4. Draw the line A C, on which lay off 960 
miles, the given diftance from A to C 1 and, laftly, 
let fall a perpendicular from C, to cut the meridian 
in B ^ fo fli;dl B C be the departure, A B the dif- 
ference of latitude, and B Q^ equal C E, the lati- 
tude come to. 

Casi^ IL a ftiip in ^ degrees, 48 min. N lat. 
fails N E by N 4- E% till {he arrives in the latitude 
of 16 degrees lo minutes N, required the diftance 
and departure ? 

This 
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This is the fame as the 2d in Trigonometry^ 
and becaiife the courfe is juft as many points as in the 
foregoing, and the Jatitude failed from, he-re, is thaft 
coire tobeforei it is plain the triangle will be eica^iy the 
fame as in the pfccedmg % and if we draw D E e* 
ijual and parallel to A Q, and D A parallel to C B, 
we (hall have the triangle properly projefted j fo 
Ihall A Q^ equal D E, be the latitude come to, 
C A the diftance, and D A the departure. PL Ih 

Case HI. A Mp m 16 degrees, 10 minutes, 
N latitude, fails S W by S 4 W, till her depar- 
ture is 609 miles 5 required the diftance and lati* 
tude come to ? 

This may be conftrufted as the 3d cafe in Trigo- 
«ometry» but we IhaU here (ktw how k may be 
done by another method* 

1. Draw the eqiiator E Q, merldran Q^A, on 
which lay off the given latitude from Qjto A, and 
make the cotirfe at A, as in the firft cafe. 

2. Draw A D parallel to E Q^ on which lay off 
6og, the departure, from A to D< 

3. Draw a laieridian through D, to interfeft the 
rhumb line, drawn from A^ in C ; laftly, let fall the 
perpendicular C B, which will be the gjven depar- 
ture, AC the diftance, A B the difference of latitude, 
and B Q^equal C E* the latitude come to. PI. 11 - 
Fig, 9. 

Case IV. A lliip in 4 degrees 16 minutes N la- 
titude, fails betwixt the S and the W till the diftance 
is 960, and difference of latitude 742 miles, requi- 
red the courfe and dejiartiire ? 

Here having affumed A for the place failed from* 
and conftaiftcd the triangle as in the Hkecafe of Tri- 
gonometry, we may lay off 256 miles, that is 4 
ilcgree 16 minutes, from A to Q^ fo ftiall E Q be 
the equator, and Q^B the latitude come to fouth, 
■I * PL\l. 
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Pl\ \h Fig^ % Nnte^ The latituck come to, is 
found, by taking die latitude failed iVom, out ot the 
difference of latitude^ which will always be the cafe* 
when the difference of latitude exGeeds that failed 
from, as htte when the fliip has made 256 differ- 
ence of latitude fouths^rlyj It is plain flie comes to 
the equator, and what more diff^^rence of latitude 
Ihe makes will be in fouth latitude. 

Case V. A fhip in 8 degrees 6 minutcF* S Ia» 
titude, fails betwixt the N and E till her diftance is 
q6o, and departure 609 ; required the courfe and 
latitude come to? PL II, Fig. 7. 

This is projaftcd as in Trigonometry, and the e- 
quator found as in the preceding, and becaufe the 
difference of latitude exceeds that failed from, we 
Jind the latitude come to as in the preceding, 

\ Case VL A ffiip in 4 degrees 16 minutes N 
latitude, fails betwixt the S and W till her differ- 
ence of latitude is 742, art J departure 609 \ requi-* 
red the courfe and ditlance ? PL IL Fig. 7- 

It Would be quite needlefs to give any inftru^Si- 
ons for the projecting this, as the triangle is the 
falne with the preceding % we fhall therefore work 
the firft cafe aridimctically, but it is to l^e obfcr^- 
ed that the courfe muft be converted into degrees 
before the operation can be performed : Nowhere 
the courfe is j^-pointSa or 39 degrees 22 minutel 

As radris 10-00006 

Is toco-nhe J 9^ 22' 9,88824 

So is diftant 960 miles 2.98227 

To different latitude nearly 742 z.^jo^i 

n\s radius rohoooo 

^Xs CO One of 39^ 22^ 9.S0228 

Bfeo is diftant 960 miles 2.q f! 2 2 7 

Tu departure nearly 609 ^^7^455 

In 
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In the preceding cales, one tf iangfe Tenfes fof™ 
all \ we fliall thereiore fubjoin the following, artd» 
thoiigll thfey m^y be projeftbd as in Trigonomecry» 
we diink it proper here to remark^ that the fifft 
thing to be done is to draw a meridian ; and whca 
there is only one trtahgle concerned, it is indifferent 
at what point of the meridian the courfe be made i 
when there are more than one triangle concerned! 4 
the point in the meridian, for tlie firft courfe may 
be alTumed^ where moft convenient, but then this 
wUl cittcrmine the points for the other courfcs, in 
the feveral itieridiarts. As, for inftance, in failing 
from A to B, from B to C, ^€. on diflFerent coyr* 
fes I the point A may be any where, fo, A B, will be 
the diftance v but, in failing from B, the point for 
the courfe is fixed, therefore we muft draw a me- 
ridian through B, before we lay off the courle, and 
when C is found we muft hkewife draw a meridi- 
an there, ^id lay off" the courfe to D, C^'* This 
will be beft underftood by the following exampieS| 
which contain all the varieties of plain Tailings and 
the fubftancc of yhat is commonly called traverfe- 

Though all the triangles are already conftni^Sed 
on the plain chart, we fhall uncemore go through 
the whole procefs, and, as we intend here to ihew 
the manner of projefting a rravcrfe, make ufe of 
the following method, 

Case L A fliip at A, in 50 degrees N latitude* 
fails W N W 4 W i 86 miles to B ^ required the 
<ieparture and latitude of B ? 

ift. With the chord of 60, from the center A^ de- 
fcribe a quarter of a circle, or, if need be, a whole or 
femi-circle, on which lay off the given courfe, and 
draw the rhumb line A B» 

2dly, Lay off the given diftance from A to B, 

3dly, Draw a parallel of latitude through 
£ to cut the meridian in i \ fo ftiall A 1 be 
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the difference of latitude, and B i the departure. 

Case, 1L From the fame B, fhc fails N W by 
N to C^ her diiferencc of latitude is 200 ^ reqtii- 
red the diftance, departure, and latitude of C? 

ip Draw a meridian through B -, and, in order to 
make the angle of the courfe^ lay off 3 points up- 
€n the arcli from the meridian of A and draw the 
line A x^ and another line parallel thereto, through 
B- It is plain this will be a N W by N rhumb 
line. ''pt^^W*/w«v ^r^ 

2dly, Lay off die given latitude^ Trom B to 2» 
through which point draw a parallel of latitude to 
interfed the rhumb line in C, fo ihall B C be the 
thftance, C 2 the departure. Pl, V. Fig- 2. 

Case IlL From C ihe fails N by W to D, 
till her departure is 60 miles -, required her diftance, 
and lad tilde of D ? — She then fails 97 miles N to E. 

ift< Draw a meridian through C, and produce 
the parallel of latitude C 2, to the left, till C z is e- 
ijual to the departure, 

adly. Draw a meridian ttirough z. 

3dly, Lay off' one point, the given courfe upon 
'the arch, from the meridian of A^ and draw the 
line A y and another parallel thereto, through the 
point C, to interfeft the meridian drawn through 
^ in D* through which point draw a parallel of 
latitude to int^rfeft the meridian of C in 3, fofliall 
C D be the diftance, C ^ the difference of latitude, and 
1>3 the given departure. Then lay off 97 miles 
from D to E» becaufcthe courfe is on the meridiafi. 

Case IV. A fhip at E fails betwixt the S and E 
J 80 miles, alters her latitude one degree j required 
the courle, departure, and latitude, of F, the place 
pomelo? 
i^ J ft. Lay, 
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ift. Lay off the given difference of latitude from H 
to 4, through which point draw a parallel of lati- 
tude. 

idly. Take i8o» die given diftance with thtt 
compafles, and placing orte foot in E, with the o- 
ther cut the parallel of ladtude in F, fo fhall F 4 
be the departure, and E F the diftance, being pa- 
rallel to A B makes the courfe 6 ^ points, that is 
S E by E ^ E. PL V. Fig. 2. 

CASd V. From F ftie fails betwixt the S and E 
to A, her diftance is 240, and departure 133 miles ; 
required the courfe and latitude of A ? 

I ft. Draw a meridian through F, and produce 
the parallel of latitude 4 F to the right» till F ^ is 
equal to tlic given departurcj draw alio a meridian 
through t;. 

zdly, Take the diftance as before, and one foot 
in F^ with the other cut the meridian of v in G, 
through which draw a parallel of latitude to cut the 
meridian of F in 5, fo fhall G 5 be the given de* 
parture, F 5 the difference of latitudetand F G the 
given diftance paralkl to A x^ therefore die courfe 
willbeSEby S. PL M, Fig- 2. 
^ _ Case VI. From G ftie fails bstwixt the S and E 
to H^ till flic alters her latitude 5 degrees 2 mi- 
nutes, and ht:r departure bo miles, required the 
courfe and diftance and latitude of H ? Then fhc 
Jails 97 miles S, required the latitude come to, and 
the departure from the meridian of A ? 

I ft. Draw a meridian through G, 011 which lay 
off the given diSerence of latitude to 6* 

adly, draw a pirallel of latitude through 6, on 
which lay off the given departure to H» and draw 
the line G H, which will be the diftance, and be- 
caufe it is parallel to Ay, the courfe will be S by 1% 
and then, becaufe fhc lails S, lay off 97 miles on 

th* 
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the ineridian fmm H^ wMch brings her b^ck co A, 
the place firft failed from. PL V. Fig. i. 

It is plain whtn the triangles are conftrufted, the 
fhip returns to the fame place ; whereas rtie will be 
aboVe a degree to the caftward of it^ as will appear 
in the next fcftion. Thofe who incHne to amufe 
themfelves by projecting traverfes may do it very 
cxpeditiguOy by parallel rulers, but ^they will una- 
voidably be led into very great errors, for, by thisf 
inethod, of folving a crave rfl\ they cannot find 
%bt latitude and Jongitude th^ fliip arrives at, and 
therefore cannot dire6t her courfe to the intended 
port, which is the very thing rt?quired. As there 
are only three different triangles it will be fuflicitrnt 
to work for the three firft* In the following pro- 
portions we fhall make the given fide radius, and as 
it is all cyphers except the inde)f, it requires no ope - 
ration, only to fubtraft lo from the index of the 
ium of the logarithms of the firft and fecond terms. 



Case L 

Co- fine courfe 70 deg. ig min, 

Diftance j So miles 

1- ifferent latitude 6q.6 miles 

Sine courfe 7odcg. !9min, 
Dirtant 180 miir^ 
Departure 169*5 

Gase 1L 

Seft-courfc 33 deg. 45 min* 
Different latitude 200 miles 
Diftance 240.4 miles 

Tang, courfe 33 deg. 45 min. 
Different latitude 20a milts 
Departure 133.6 miles 



9.52740 

2>2^^27 
U7H267 

9^973^5 
2.25527 

2-22912 



10.08015 
2^30103 

2.3^118 

9,82489 

2-3 0103 

2,11592 

Case 
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^^f It would be altogether needlefs to work for the 
■ other three cafes, for they arc only the reverfe of 
^^ the preceding^, as will appear when worked by the 
H rules delivered in trigonamelxy \ we Ihall thcr etbre 
■^ proceed to fhcw how tlie defefts in the pUin, na4]f 
be fupplied by Mercaiar^^ chart. 
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Case IIL 
Co- fed coiirfe r i dcg, 1 5 min. 
Departure 60 miles 
Diftanc 307*6 

Co-tang, courfe it deg* 15 mii>. 
Departure 60 miks 

Different latitude jox,6 



10^70976 

2,48791 

10.70134 

2.47949 
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Principles of MercatorV Cbart^ ty Mr* 
Wright*! Meridiomi Paris. 

Mr Wright confidering that^ in the plain chart, 
each parallel of latitude is e'nlarged beyond its due 
mealure, occafioned by the meridiaos being all pa- 
rallel to one another-, and likewife that, if the me- 
ridians were made to interfeft in a point, the rhumb 
line would make unequal angles witK them ; which 
is diredly contrary to the angles, the lhipa:6tually 
makes on the fca, in fteeringby the compaft. He 
therefore keeps the meridians ftill parallel to one 
another as in the plain, and enlarges tlic degrees 
of the meridian in the fame proportion. Here then 
confitls the difference betwixt the two chares. In 
the pl^n, the degrees of the meridian arc every 
where equal to one another, and to thofe of die e- 
quator, or f which is the farae thing) to thofe of 
the parallels of latitude* In Mercaior^s chart, the 
degrees of the equator ai^e equal to thofe of the 
paralJels of latitude, but the degrees of the mcri- 

M ^^^^ 
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dian are unequal, being enlarged, as they approach 
the poles, in the fame proportion the parallels of 
latitude are enlarged : fo the only difficulty will be 
to graduate the meridians, PL JL Fig. 8* 

The firft thing to be done is to find how many 
miles will make a degree in any parallel of latitude, 
the proportion is, as C B, the radius of the equator, 
is to DA, or C H, the radius of the parallel, or fine 
complement of the latitude, fo is 60,. the miles in 
one degree of the equator, to the miles in one de- 
gree of that parallel ^ this in the parallel of 50 deg. 
is, by the following operadon, 38*17 miles. 
Now, though this makes one degree in ^hc pa- 
Tallel of 50 degrees on tlie globe, yctj upon 
the chart, there are 60 miles in a degree, in that 
parallel, by which it is enlarged on the chart ; there- 
fore the degree of the meridian at thkt parallel of la- 
titude muQr be likewife enlarged in the fame pro- 
pordon j fo that by this methodj there muft always 
be two proportions^ ^s follows, 

lit, As radius of the equator ioooqgoq 

Is to the radius of the parallel, or co- 
fine of 50 deg. 3pmin. the latitude 9.803510 

So is 60, the mile^ of one degree in the ' ' 

quacor, 1 .778151 

To 38.17, the miles in pne degree of 

the meridiaiij at the parallel of 50^ 1.58 1 66 1 

2d- As 38*17, the miles in a degree in 

the parallel on the globe^ i * 

Is to 6o> the miles in one degree of the 

meridian on the globe, ^*77^i5i 

So is 6os the miles in a degrep in the pa- 
rallel on the chart, 1^7781^ t 

:^.i;^6302 
rf To 94-33* the miles in one degree of 

' |he meridian on the chart 1.974641 

Now 
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. Now D\A, or C H the co-fine, is to C A the 
radius^ as C Bj the radius^ is to C E^ the fecant i and 
D A on the charts is always equal to D F» or C B^ 
therefore a degree of the enlarged meridian muft al- 
ways be equal to the fecant of the latitude, which 
may be found by one proportion, as in the follow^ 
ing operation* 

As radius lO^ 

Is to the fecant of 50 deg* 30 min. 10,19649 
So is 60, the miles in one degree of the 

meridian on the globe, t.yfSi^ 

To the miles in the meridian betwixt 50 

and 51 on the chart 1,97464 

The refLik is the fame, as by the two precedings, 
and it is by this laft proportion that Mr Wright 
with great labour and accuracy calculated his table 
of meridional parts, to every degree and minute of 
the quadrant from the equator to the pole. 

In this table we have, by infpeftion, the miles 
(which he calls the meridional parts) that every pa- 
rallel of latitude is diftant from the equator, and of 
confequence we have the meridional parts, or the 
miles that are in the meridian, betwixt any two pa- 
rallels of latitude by fubtraftjon. 

As we intend to cpnftrud the chart from the pa- 
rallel of 50 to that of 61 degrees, we fliall work 
for the miles in each degree of the meridian, both by 
the co-fines and by the fecants^ as in the anexed table, 
in which there are five columns \ the firft for the de- 
grees of latitude, the fecond their co-fines ; now, 
in order to find the miles in a degree of any paral* 
lei, the logarithm of 60 muft be added to that of 
the CO- fine, and the logarithm of the radius fub- 
irafted from their fum, as in the firft proportion of 
the preceding operation, the refult of which is 
performed in the third column, which will be 

ths 
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the logarithm of the miles in a degree in that pa- 
rallel : But there %vill be no occafion to look {ofX 
the natural number correfponding to that loga- 
rithm, bccaufe, whatever it is, when we come tc 
work for the miles in a degree of the meridiant[ 
We niiift fubtraft that logarithm from twice the lo^ 
garithm of 60, as in the 2d proportion foregoingjj 
Now, as in the third column, we have the logarithnil 
fjf the miles in a degree of the parallel, foj in the 
fourth, we have the remainder after fubtrafting that 
logarithm from twice the logarithm of 6q\ and in 
the fifth, the natural number correfponding there- 
to^ which is the miles in a degree of the meridian 
at that parallel of latitude : and this is the reafon 
when we are to find the miles betwixt the parallel of 
50 and 51, we firft work for the miles in the pa- 
rallel of 5odeg- 30 min. which agrees with the o- 
peration by the fecants, and likewife with the table 
of meridional parts, The meridional parts of 50 
dcg, is 3474.50>the meridional parts of 51 deg, 
is 3568.83, fo there will be 94-33 miles betwixt the 
.parallels of 50 and 5 r, as by calculation; for by 
the table the parallel of 50 is 3474.5 miles from 
the equator, to which adding 94.33 we have 



35&8-8 



the 



miles, the diftance of the parallel of 5t 

firom the equator; and when the fevcral fecants 

to a radius of 60 miles are added together, their fum 

' will be equal to the meridional parts betY?ixc tlic 

parallel of 50 and of 6k 
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Deg. 
50 

5» 

5* 
53 
54 

5i 
45 

58 

59 
60 



Mill. 

30 

30 
30 

30 

30 

30 
30 
30 

30 
30 
30 



Co-finct Sum of cofine, 
tad log. of 60 



Rffiiainder Miles In 

the meridte^' 



9-86351 
9-79415 



s^ysi^i 



9.69234 



1.58166 

I.57230 



1.53128 



1-47049 



1-97464 
1.9S400 



2-02502 



2.08581 
Mies from the parallel of 50 u> 6i 



94-3 
96-4 

98-6 
100.9 

105.9 
io8«S 

111.7 
114.S 

II8.2 

1 2 1.9 
1174-8 



Deg. Mill. Secaatt. 

50 30 10.19649 

51 30 10.20585 

L^dtude 61 degrees 4649.3 merid« parts« 
50 S474'5 



Log. of 60 is x.77Si| 
1.97464 
1.98400 



1 174.8 

This table is inferred to (hew how the table of 
meridional parts may be conftruAed \ and it is prer 
fumed, our readers may fill up the intermediates 
v^hich are here omitted, and likewife continue the 
procefs by the fecants, which will exadly agree 
with that by the co-fines, but, in pnnftice, theret 
will be no occafion for any of the preceding opera- 
tions, as the table performs it by fubtradUon, or 
addition, as before obferved. 

C$nJiruSion $f MercatorV Chart. 

I. Draw the line Y Z, to reprcfent the parallel 
of 50, and graduate it as before in the plain chart, 
allowing 60 miles to a degree ; ercft alfo the two 
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meruHar^s Y W, and Z X, and A V to reprefent 
the firft meridian. Plate VL Fig. u 

2dly, Lay off 94*33 miles, on each meridian^ 
^tom 50 to 51 ^ 96-39 milts, from 51 to 52 v 
proceed, in the iame manner, till you come to the 
paraHel of 6u and draw the line, W X, which gra- 
duate into degrees as the parallel of 50. 
• The chart being thus conftrufted, the places may 
be kid down as in the plain chart; and^ as there arc 
two Tea charts, navigation is generally divided in- 
to two parts, viz* plain and Mercator^s failing ; 
The firft we have already explained, and come now 
to Mt^naiar^s, 
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Of Me RCA TOR V Saili^igs 

In this, ftriftly fpeaking, there can be but two 
cafes J firfl", both latitudes, which muft always, be 
given, and either the courfe or departure^ thereby 
to find the difference of longitude : Or, fecondly, 
bcth latitudes and the difference of longitude given^ 
to find the courfe and diffance ; both which are per- 
formed by right angled triangles, and may be 
projcfted by the two following general rules. 

Case L Both latitudes, and either the courfe or 
departure given, to find the difference of longitude- 

xii, Conftruft the triangle, as in the plain charts 
and produce the diftancc and difference of latitude. 

2d!y, Find the meridional difference of latitude* 
which lay off on the proper difference of latitude pro- 
diiced ; and then, at that point, draw a line parallel 
to the departure, to interfe6t the diffance produced i 
which will be the difference of longitude ; fo fhall 
the meridional difference of latitude be the per* 
Jpcndirular, and the ditTerence of longitude, the bafe 
of a ri^ht angled triangle. 

Case IL 
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Case II, Both laticudtrs, and bngitudes given j 
to find the courfe and diftance 

1 11. Make the difterence of longitude the bafe^ and 
jhe meridional difference of iatitude the perpen* 
dicular of a right anjjled triangle \ fo fiiall the an* 
gk the hypQthenufe makes with the perpendicu- 
lar be the courfLv which fappofe at the point A- 

2i Lay off" the proper difference of latitude Irom 
A to I, and draw a hne through 1, parallel to the 
difference of longitude, to interlcft the hypotkenufe io 
B| fo fliall A B be the diftance, and B i the de- 
parture. Plate VL Fig, i. 

The arithmetical folutions are obtained by the fame 
proportions as in trigonometry. 

It was before obfcrvcd inCH. IV. Sect. 2. that the 
cofine of the latitude is to the radius as the depar- 
ture is to the difference of longitude; and, ir was 
proved, that ^he co-fine of the iatitude is to the ra- 
dius, as the radius is to the f;::cant of the latitude, 
or, which is the fame things as the proper differ- 
ence of latitude is to the meridional difference of la- 
titude ; therefore in finding the difference of lon- 
gitude, fay, as the proper difference ot latitude is to 
the departure, fo is the meridional difference 
of latitude to the difference of longitude \ or, as 
radius is co^tangent of the courfe, fo is the meridio- 
nal difference of latitude, to thedifferenccof longitude. 

The difference of longitude may Ukewifebefound 
by fuppofjng the departure to be made in the middle 
latitude ; the proportion is. As the co-fine of the 
middle latitude is to die radius, fo is the depar- 
ture to the difference of longitude, and when die dif- 
ferent latitude is not above two degrees, it will a- 
gree nearly with that by the other proportions. 

Ncte^ By departure is tp be underftood the eaft- 
ing^ or welling, made in failing on one direft 
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Tlioogh all MercatQT^^ failing inay be compre- 
hended in the two preceding cafes> y^c Iball work 
for the difference of longitude to each of the fix 
forcgping cafes in plain failing* and fluU conftnuft the 
triangles on il4ifrf^/^r*s chart as before. PL Yl.Fsgi. 

Case i. After conftrufting the triangle^ as on 
the plain chart, the fhip comes to B : fo A i, is 
iJie proper difference of latitude j the latitude come to 
h 51 deg. I inin ; the meridional parts by the ta- 
ble is 3570.4, and the meridional parts of 50 deg* 
15 3474.5, which makes the meridional difference 
of latititde 95*9^ lay this off on the meridian from 
A to H ; through H draw a parallel of latitude to 
inierfed: the diftance produced in I ^ fo fhall H I^ 
be the difference of longitude* 

Case 2. ift. Draw a meridian through I> and 
find the meridional difference of latitude as before, 
which lay off from 1 to a -^ and through a draw a 
parallel of ladtude. 

adly. Make the an^e of the courfe at I, or 
which is the fame thing, through I draw a line pa- 
rallel to B C» to interfcdt the parallel of latitude 
drawn through ^ in K; fo fhall a K be the differ- 
ence of longitude- 

Case 3. ift. Draw a meridian through K. 
^* sdly. Lay off the meridional difference of latitude 
from K, to ^, and there draw a parallel of latitude. 

gdly, I ay off the courfe from K, or draw a line 
jmrallel toC D, to interfed the parallel of latitude 
in L ; fo ihall h L, be the difference of longitude, 
now fhe f s in 6 1 latitude, therefore draw a tne- 
fidian through L to M* 

Case 4- iff* Draw a meridian through M, on 
which lay off the proper, and meridional difference 
pf latitude, and draw a parallel of latitude through 
each- 

adly* 
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2dly, Produce the diftance to N \ (o fhall N c^ 
be the difference of longitude, PL YL Fig^ i. 

Case 5, Draw a meridian through N, on which lay 
offthe meridional difference of latitude, from N^to d j 
and there draw a parallel of latitude to interfeft the 
diftance produced in O ; fo ftiall O ^ be the differ- 
ence of longitude. Flafe VI. Fig. i . 

.Case 6. Draw a meridian through O, on 
which lay off the meridional difference of latitude 
from O to r> where draw a parallel of latitude to 
ihterfect the diftance produced in P ; fo ftiall P e 
be the difference of Icnginide j and becaufe ftie then 
fails fouth to the parallel of 50, draw a meridian 
through P to Qj fo ftiall Q^be the place the ftiip 
arives at on Mercator^s^ and A on the plain chart. 
Now, to find the diftance from Q to A ; Q^A, 
the difference of longitude on the parallel of 50 is 
given; therefore, make an angle of 40 degrees 
with the parallel of latitude at the point Q^, be- 
caufe that is the complement ot the latitude i io 
ftiall the perpendicular A/ be the diftance, or, 
which is the fame thing, the departure, for in- 
the triangle Q^A/, if the hypothenufe Q^A be the 
radius^ then will A/ be the co-fine of the lati* 
tude ; and as radius is to cofine latitude ; fo is Qj4^ 
the difference of long, to A/, the departure \ that is 
to fay, the diftance in the parallel. We have, in 
the plate, drawn the feveral departures parallel to* 
the differences of longitudes, by which the true 
diftances may be found on Merc at qt^^ chart* 

Case y. Q\n 50 degrees, N latitude and 1 deg. 
^5 min, E longitude ; M in 61 deg. N latitude and 
9^ 59^ W longitude -, required the courfe an4 dif- 
tance from Q to M ? Plate VI. Fig* 1 . 

^ I ft. Find the difference of longitude, by adding 
the two longitudes together, and the meridional dif- 

. £trence of latiuide by fubtrading thj? meridional 
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parts of 50 deg, from the merklional parts of 61 
find alfo the proper difference of latitude. 

2dJy^ Lay off the meridional difference of latitude 
from Q^to h ; where draw a parallel of latitude^ on 
which lay off the difference of longitude from b 
to M^ and draw the line Q^M, fo fhall the angle 
h Q^M, be the courfe. 

3dly, Lay off the proper difference of latitude 
from Q to j", and draw the j:yarallel g k^ fo fhall Q k 
be the diftance* 

We have now projeded all the various cafes of 
plain^ and Mercator^^ failing, whereby the errors 
of the i:4ain chart are confpicuous ; it is alio evident, 
they are correfted in Mercator'^s chart j fo that both 
charts are abfolutely neceflary j and flriftly fpeaic- 
ing, plain and Mircaior'^ failing cannot be fepara- 
ted, the one being imperted without the others 
for, as the difference of longitude cannot be found 
on die pkin, fo thtr diftance cannot be found on 
Mercat^r's chart, unlefs the triangle be firft projec- 
ted by the principles of the plain chart. We fliall 
now calculate for the difference of longitude by 
three different proportions, to flicw their agreement 
with the projections. 

Case L The proper difference of latitude is 6r» 
meridional difference of lat. 95.9^ depaiture 169.5 
and the courfe 70 deg. 19 cnin, the middle lati- 
tude 50 deg. go min. 
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Proper difference of latitude 61 1.78267a 

Departure (Seep. 80.) 169.5 2.229124 

Merid. diflfercnce of lat, 95.9 i .98 1 8 1 9 

4*21094^ 
Difference of longitude 168.1 2.4211271 

As' co-fine of midddle latitude 50 

deg. 30 min. 9 .803510 

Is to radium 10.000000 

So is the departure 1 6g.g 2.229 124 

To the difference of longitude '266.5 ^-425614 

Case VIL As meridional difference 

of latitude 1175 3,07064 

Is to the difference of long. 704 12.847/; 7 

So is radius l O. 
'jTo the tangent of .the courfe N 30 

deg. 56 min. W. 9-77151 

As co-fine courfe 3^0 deg. 56 min. 9-93337 

Is to radius io>. 

So is proper difference 0f latitude 660 12.8 19/^4 

To diftance 769.5 mile3 2.88617 

Ahd by ufing the fame operations for the refl:, we 
Ihall ^^find the latitudes and longitude^ to be a$ 
follows. 

I 

K 
t 
M 

HgLving now explained all the varieties of what 

is commonly called plain and Metcator's failing, 

m fhall,in the next place, confider parallel, and 
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middle latitude, failing, which we Jhall like- 
j^ift unite *, for they both fuppofe the diftance be- 
twixt the meridians of two places to be given, Vi- 
ther in a parallel of latitude, or in the equator ; 
the proportions will be the fame^ as to find how 
many miles will make a degree in any parallel of 
latitude; or^ having the diftance betwixt two pla- 
ces in the fame parallel of latitude to find their dif- 
fererice of longitude, " This will admit only of two 
cafes V and though they have been fufficiently il- 
iuftrated, in the projeftion of the fphere^ and alfo 
on Mfrr(3/^r*s chart, we ftiall now treat of paral- 
lel and middle latitude failing as diftin£t parts of 
navigation ; and explain the principles of each, both 
geometiically and by calculation, 
^ Case i. A fliip at i% in the parallel of 50 
degrees, fails weft to A, and has made i deg. \6 
min, difference of longitude i required the depar- 
ture made ? or, which is the fa^e, the diftance 
failed from Qto A? Piaie IL Fig, 10* 

Here the ihip makes ho difference of latitude, 
fo the departure and diftance are the fame things. 
Therefore to cbnftruft the triangle, 

I ft. Draw a line parallel to the margin, as in the firft 
cafe of plain failing, and make an angle of 40 de- 
grees, thai is the cqmplement of the latitude at the 
point Q> 

' 2dly» Lay off jo6 miles, the difference of lon- 
gitude from Q to A i from A let fall a perpendicu- 
lar to cut the line parallel to the margin in B ; fq 
ihall AB, be the departure^ or diftance failed* 
Case 2. A |hip in 50 degrees latitude, faik 

difference of lon- 



gitude i 



cquired 



This is only the reverfe of the preceding* fok" 
having drawn the line A B, make a right angle it 
B, and lay off the departure 68,3, from B to A'; 

* ■ then 
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then make the angle at A, 50 degrees, that is the 
latitude, fo fhall the angle at Q be the complement 
of the latitude, and Q A the difference of Ion- 
gitude. 

Example in Middle Latitude. 

A (hip in 39 degrees north latitude, and 6 de^ 
48 min. weft longitude, fails N W by W 216 
miles ; required the latitude and longitude come to r 

I ft Conftruft the triangle as in the firft cafe of 
plaiQ failing, fo (hall A B be the difference of la- 
titude, B C, the departure, and C the latitude 
come to? ^/^^2.^^./f. 

2dly, Add the latitucK failed from to the lati- 
tude come to ; the half of their fum will be the 
middle latitude, and it will be nearly the fame 
thing as if (he had failed weft, till (he had made^ 
the whole departure in that parallel •, therefore, a^ 
in the preceding, make an angle at C of the fame 
number of degrees \yith the middle latitude, fo 
ihall C D be the difference of latitude ; and if the 
meridional difference of latitude befetoff fronj.A 
to F, as in the firft cafe of M creator^ we (hall 
find F G the difference of longitudie, equal to C D. 
The courfc is c^(> deg. 15 niin. and the proportions 
as follows, 

R : (ine of 56 d^g. 15 miq : : diftance 216: dep^r- 
jure 180. R; cofine 56 deg. 15 min.:; diftance 
!ji6: difference of latitude 120. ' 

Latitude failed from 

pifference of latitude 

latitude come 

Latitude come to 

Latitude (ailed from 

Sum 'fo 
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^4 Parallel^ and Middle Latitude Sailing. Chap. V. 

As co-fine middle latitude 40^ 00 9*884254 

Is to radius 10. 

. So is departure 1 80 mile§ 12.255272 

To difference of longitude' 235 2.371018 

Latitude, Meridional parts* 

41 2701.6 

39 \ ^545'Q 

Meridional difference of latitude 156*6 

As proper diflference of latitude 120 2.0791 81 
Is to departure 180 2.255272 

So is meridian difference of lat. 156.6 2.194792 
I 4.450064 

To difference of longitude 234.9 2.370883 

Having thus gone through the particulars pre- 
paratory to Navigation, it remains now to Ihew^- 
how, by a proper application of thefe, the mari- 
ner may attain what is intended by this art, viz^ 
to direft a fhip*s courfe to any propofed port. 

The firft thing , neceffary to be known, is, the 
latitude and longitude both of the port, the fliip is 
bound to, and of the place the fliip is in j then 
the courfe and diflance is found by Cafe 7th of 
Me^cator : And,* being provided with a compals, 
he may fleer the dire£t courfe, if the wind will per^ 
mit, and the log-line will give the diftance he is to 
fail on that coyrfe. The latitudes and longitudes 
pf places may be had from tables made from aftu- 
al obfervations, or from charts wherein all the 
coafls are laid down -, aqd here we think it will be 
projper to fhew how to find the courfes and diflan^ 
Cts on the chart§. 
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SECT. III. 

Of meafuring the Difiances of Places ^ arid finding 
the Courfefrom one to another^ upon the Sea-Char Ps. 

Although on Mercator\ chart, the degrees of 
the meridian have the fame proportion to thofe of 
the parallels that they have upon the globe, yet 
the diftances cannot be mcafured as they are laid 
down on the chart : For inftance, if one place be 
in 59 dcg. 30 min. and another in 60 deg. 30 min,. 
both N, or both S. latitude, and on the fame meri- 
dian, it is plain their diftance on the glo'be would 
only be 60 miles, whereas on the chart it is 120 
miles ; but on all Mercator*^ charts there are di- 
rcdtions how to find the true diftances, which will 
admit of four cafes. 

Case I. When the two places are upon the c- 
quator, the diftances are true, for here the degrees 
arc 60 miles each^ and the equator is divided into 
degrees^; and where the fpaces will admit thefe are 
fiibdivided into minutes, which ferves for a fcalc 
for the chart. 

Case z. When the two places are on the fame 
meridian, find the latitude of each, the difference of 
latitude converted into miles, multiplying the 
degrees by 60, gives their true diftance. 

Case 3. When the places are in different lati- 
tudes and longitudes as IK, K L, £sf r. firft find 
the difference of latitude as before, and convert it 
into miles, which call the proper difference of la- 
titude, and take it off* the equator. 

2dly,' Lay a ruler over both places, and take the 
proper difiirrence of latitude with a pair of compaf ^ 
fes ; put one foot to the edge of the ruler and move 
it along the edge till the other turned about juft' 
til^uches any E and fV line on the chart ; then ftop 

the 
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the foot at the edge of the ruler, and open the o- 
tbtr fcK)t to the point where the edge of the ruler 
cuts the parallel % this meafured on the equator 
gives the true diftance ; that is to fay, that whichi 
can be failed by the compafs. This is evidently 
the fame as projecting the triangle on Mit'caior^s 
chare* 

Case 4- When the two places are in the fame 
latitude as A and QJn the parallel of 50, or h and 
M in the parallel of 61 ; litre is given their differ- 
ence of longitude ; fo their diiference may eafily 
be had by calculationi as in the preceding fedtion \ 
bpt if it be required to meafure it on the chart, 
firft take, with a pair of eompafles, one degree of 
the n^cridian at the parallel, that is from 49 deg* 
30 min* to 50 deg, 30 min; if the places be in the 
parallel of 50 deg, or from 60 deg. 30 min, tx». 
6t deg. 30 mill, if the places be in the parallel of 
61. Then count how many times that extent of 
the eompafles, which is a degree of the meridiarfc 
at that parallel^ will be contained betwixt the two 
places, and this multiplied by 60 gives the diftance 
in miles, and if it does not meafure it exactly, that 
is to fay, if the diftance betwixt the places in the 
parallel be any number of whole degrees of the 
meridian, and fomething more, take that over- 
plus in the eompafles and apply it to the graduated 
meridian, fo that one foot of the compafTes may 
be as many miles below, as the other is above the 
parallel 5 fo fhall the miles betwixt the feet of the 
eompafles be the odd minutes, and wlien added to 
the former converted into miles, will give the true j 
diftance. If it be required to a greater exa<ftnefs> 
proje£t a triangle as in the 6th Cafe of Mercator 
tor finding the diftance from Q^to A< This may 
be done by laying a ruler over one of the places^ 
m fuch a manner that the angle it makes with the 

parolkl I 
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parallel, may be the feme nvtmber of degrees as the 
complement of the latitude ; as for sample, fuppofe 
two places r and /, both }n 56 deg. 15 min. North 
latitude, and their departure required : As there arc 
feveral compaffes on every chart, the N E by E 
rhumb line, makes an angle of g6 deg. 15 niin. 
with all the meridians, ^nd of confequence, an an- 
gle of 33 deg. 45 min. with all the parallels, which 
is the complement of the latitude, fq it is pnly 
laying the ruler over r, pafallel to the N E by E 
rhumb line, and then placing one fpot of the com- 
paffes in /, open the other juft to t6uch the edge 
of the ruler, which, meafured on the equator, will 
give the true diftance, and in this cafe' will rcach 
from / to J. Upon the plain chart, there is gene- 
rally a fcale of miles or leagues^ by yirhich the dif- 
t^ncGS of places may be meafured: And as to the 
bearings, or the couries from place to place, it is 
only laying a ruler over the two places, and the 
rhumb line parallel to the edge will give the courfe. 
The mariner having thus found the courfe and 
diftance to his intended port, either by the tables, 
or the chart, in proceeding on his voyage he al- 
ters his latitude and longitude, and muft therefore 
find the latitude and longitude the fhip is in every 
day 2|t noon \ and this is performed by the firit 
Cafe pf MercatQr\ for the courfe is given by the 
compaft, and the diftance by the log-line, but then 
as a fhip may alter her courfe perhaps every hour^ 
it would be an endlefs labour to project every An- 
gle courfe and diftance, or to find the latitude and 
longitude by calculation. In pradice, the various 
courfes and diftances are every 24 hours reduced 
into one fingle courfe and diftance* by the table of 
difference of latitude and departure •, and this is 
what may be properly called working a traverfe •, 
for as a fliip feldom alters her latitude above two 

Q degrees 
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degrees in 24 hours, there will be no occafion to 
uvurk for the difFcreixce of longitude to every An- 
gle courfe and diftance \ it will be fufficicnt after 
they are reduced to one courfe and diftancci to find 
the difference of longitude for the whole 24 hours* 
which may likewife be done by this table. And as 
it is by riii^ table the whole practical part of navi- 
gation is performed, we ihall here (hew how it may 
bt conftru£tcd* 

SECT- IV. 
Ito make the Table of Difference of Laiitudt^ and De- 
parture. 

This table gives, by infpeftion, the difference of 
latitude and departure to any courfe from i degree 
to gOj^for any diftance from i mile to iqo; Now^ 
if the difftrrence of latitude and departure be calcu- 
lated for I mile, to every degree and quarter point 
of the .conipafs, we Ihall have the upper line of 
all the left hand pages in the table \ the reft of the 
lines are only fo many repetitions of the firft, which 
may be found either by addition or niultipiicatlon*: 
the fecond is double the firft j^ the firft and fecond 
gives the third j the firflr and third gives the fourth 
i^c. All then that is to be done, is to calculate 
for the firft hne, which will be only fo many dif- 
ferent cafes of the firft cafe of plain failing, the 
courfe and diftance being- always given* Now as 
the diftance is always i, and the courfe always 
given, which fuppofe 28 deg. we ftiall find 
the whole may be performed without any calcula- 
tion, for if we were tib work for itj the operatian 
would be 

As radios jto.ooGooo 

Is to co-fine of 28 deg. 9-945955 

So is diftance 1 mile Q*oooooo 

^ %Q diflference of latitude* 

As 
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As the logarithm of i is o, it is plain when the 
terms are placed as above, the fum of the fecond 
and third terms, will always be left than the tirll 
term, which fhews that neither difference of lati- 
tude nor departure wiU be one mile. Let us then 
fuppofe the mile to be divided intG ioqoo equal 
parts, we may then find how many of thele will 
be in the difference of latitude and. departure, by 
^e following operation. 
i^ Radius 10.000000 

■^ Co^me aS deg. 9-9+5935 

^^Hl DiftaRCe toooo 4.000000 

^^^" Difference of latitude 88,19 3945935 

H Now as the firft and third terms are always cy- 
^ phers except the indexes;, the fourth term will be 
,die fame as the fecond, except the index ; and as 4 
Is always the index of the third, and 10 that of the 
firft, inftead of adding 4 to the index of the fecond 
term^ and fubtraiting 10 from their fum, we may 
fubtraft 6 from the index of the fecond term, as 
in the preceding operation, 6 from 9 remains 3 j 
the fame as 4 and 9 is 13 , and 10 from 13 re- 
mains 3. 

Hence the following general rule may be de- 
duoed, 

t Look for the fine and co fine of the courfe, 
either in degrees, or points of the conipafs, in their 
proper columns, in the table of artificial fines, 

2. Subtract 6 from the indexes, and find the na- 
tural numbers corrclponding to each in i^e table of 
logarithms, which will be the difference of latitude 
and departure, in ten thoufand parts of a mile ; fo 
if the qourfe be 28 deg. and the diftanceone mile, 
the difference of latitude will be 0,8829, and the 
departure 0.4695 ; but as the table goes no nearer 
than tenths of a mile, if it is lefs than half a tenth 
^ 1% not'tcgarded \ and when more than a half, it 

ta 
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h accounted one tenth more than is expreffed by 
die firft figure -, fo in the table you will find if the 
courfe be aS deg. and diftance i mile, the differ- 
ence of latitude will be .9, and departure ,5. 

If the courfe is i degrete, and diftance i mile, 
the fine of the courfe in tte artificials is 8,24.18.55 ^ 
fobtracUng d from the index, there remains 2^ the 
natural number correlponding to which is ly^.g^ 
and this, being lefs than one tenth part of a mile,. 
it is TcieAt*], and therefore in the table there is no 
departure*, againft the co-fme of i deg, in the artifi- 
cials is 9.gg9954 ^ the proper index after fubtraft- 
ihg 6 will be 3, the nataral number correfponding; 
to which is 9998 ten thoiifand parts of a mile, 
which is in cfFeft, i mile as in the table. 

Having thus found the differences of latitudes and. 
departures for i mile, from i degree to 45, we 
have them likewife without any calculation, from 
45 to 90 ; for if the courfe be 45 deg. the comple- 
ment isalfo 45, which makes the fine and co-fine 
the fame thing, and of confequence the difference 
of latitude and departure are equal i if the courfe 
be above 45, fuppofe 62, its complement is 28^ 
of which we have the difference of latitude and de- 
parture as before ; now the co-fine of the courfe is 
always the difference of latitude, and the fine of 
the courfe is always the departure -, hence the dif- 
ferences of latitudes to all under 45, will be the de- 
partures to their complements to 50, as in the an- 
hexed table. 
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By tromparing tke abov^ wirii the table of 4iflter- 
cnce of latitude and departure, in the books of Na-' 
vigation, they will be found to agree exaftly. It 
woiild be fqUite unneoeffaiy to calculate for ftny 
m6rb, this being fbffident to demonftrat^ the ^rka- 
cipleiK jd>n which dae table is conftruftcd. 

The table being thus conftrufted, all the <c4fe& 
of trigonometry, where the hyporfienufe dJoes not 
exceed loo, may betione by infpeftion, which fe 
the method always nfed in worfcing a day^ >?ot)rki" 
and becaufe the diftances to the feveral <?o«rfd^ iop 
thetnoft part, feldom exceed voQj the error in 1x4, 
hours will not be *onc tenth part of a mifej baft 
where the diftances arc larger, they may be taken 
off in 'parts. We (hall ilhiftrate this by workittg' 
Ae fix preceding examples, as in tht folkili^ing 
taHe. 
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very particular in the log-book, and to preferve the 
operations of every day's work^ to which the journal 
miiy refer for particulars. 

It mull he obfcrved, that the courfe fleered is not 
-the true courfe the ftiip makes, and therefore the 
courfe fer down in the iraverfe table muft be cor- 
rented by allowing for variation and lee- way. 

The variation may be found by taking the fun's 
amplitude, at his apparent rifing or fetting^ or by 
his azimuth, when above the horizon, as Ihall be 
explained in the next chapter j but wlien no obfer- 
vation can be made, recourfe may be had to Mr 
MQuntaim^s Variation-chart, which he has con* 
fi:ru£ted with great accuracy from a collection of 
near a hundred thoufand obfervations. 

There is yet no expedient tbund for difeovering 
the exa6t lee-way \ this muft therefore be attained 
by experience % but it will very much aflift the 
judgment if the fhip's wake be let every time the 
log is hove v which is practifed in fome fliips» and 
a column on the log-board referved for that pur- 
ppfe. 

After the variation and Ice-way are determined, 
we muft make a travcrfe-table of fix columns \ m 
the firft of which muft be fet down the fevcral 
courfes correfted, and in the ftcond their corre* 
fponding diftances ; we muft then find by the table, 
the difference of htitude and departure to every 
courfe and diftance, and fet them down in their 
proper columns.^ — Now, if the fevera! difFefences 
of latitude be of one name, viz, all north or all 
ibuth, their fum will be the whole difference of la- 
cimde made the preceding 04 hourB \ but if they 
be of different names^ the differet^ce qf their fums 
will be the whole difference of latiLiide. The Jame 
is CQ be underftood of the departure* 
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The latitude the fliip is in, is found by fubltraft- 
ingthe difference of latitude, from the latitude failed 
from^ when failing towards tlie equator j or adding 
thereto when failing from it. In like manner the 
longitude is found by adding, or fubftrafting, ac- 
cording as we fail from or towards the firft meri- 
dian \ but the difference of longitude mull be found 
by the fallowing rule: as, was before obferved, 

I- Add the latitude at noon to that of the pre* 
ceding nooo, 

2. Take half that fam^ which call the Mid. LaL 

3. Look for the middle latitude* as if it was a 
courfe, among^ the degrees in the table, or the com- 
plement of the mid, lat. and find the departure in 
in its proper column* 

4. Find the departure in the latitude column^ 
correfponding to the middle latitude, now fuppofed 
to be a courfe, and the diftance correfponding there- 
to will be the difference of lon^tude. 

Having thus found the latitude and longitude the 
(hip is in» the courfe and diftance to any port may 
be eafily found, for the difference of latitude and 
difference of longitude may be had by fubftra<5tionj 
and the departure may likewife be found by the fol- 
lowing method, viz. 

1 . Add the lat. of the (hip and port into one fum* 

2, Take half that fum for the middle latitude. 

3* Look for the middle latitude as if it was a. 
courfe amongft the degreed 

4. Find the difference of longitude in the diftance 
cokimn correfponding to the middle latimde con- 
verted into a courfe, and the difference of lat. corre- 
fponding to that diftance, will be the departure i fo 
that this is only the reverfe of the rule for finding the 
difference of longitude. 

The following example contains all the varieties 
in a day's work. 
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Courfe 
correfted. 



S4E. 
S.W.byS|W. 

S.byW.4W. 
S.byW.^W. 

S.byW^W. 

S.S.E,:^E. 

S.E.byS.4E. 

Courfe 

made good* 



Dift. 






in 






miles. 
i8 


N. 


S. 




17.8 


41 




32-9 


IZ 




1 1-3 


8 




07.8 


6 




06.0 


6 




05.8 


*7 




154 


»5 




11. 1 


D. 


Dift. 




lat. 



E. 


W. 


02.6 

07-3 
10- 1 


24.4 
04.0 
01.9 

00.3 
01.5 


32.* 
20.0 


20.0 


Dep. 



i 

N 

^ 



S.7°ooW. [ no 1 


1 io8.t| 
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12. 1 


Lat. failed from 
D. Jac. S. 

Lat. per account at noop 




49' 

I 

48 


si'- 

48 
09 


Sum of lat, 

4: Do, is the M/lat, 




98 
49 


06 
03 



Mid. latldep. in lat. col J in Dift, CoL is 



49 j ^^ 

Long, failed from 

Long, in at noon 



the diff, long- o^ 



19' 
14 



35 



The fliip is fuppofedto fail from the Lizard-s and 
.muft have failed S by W to the place fhe was in at 
2 o'clock, becaufe it then bore N by E, The va- 
.f Mtion is I Y points weftcrly, which muft be allowed 
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1 8 Of woriing a D^f^ Work . Chap. V, 
to tlie left hand, and makes the courfe correfted, 
S, 4r J^< 1 8 tniles diftant i then fteered S. W. by 
W* tjll 8, with a krge wind, allqwing variation, 
makes S. W* by S. ^^ W, 41 nriiles -, from 8 to 10 
Hie makes i 4- points leeway, correifted by variati^ 
on, is S. by W* -^ W, 12 miles ^ from 10 to is 
leeway and ■ variation allowed^ die courfe coaeft^ 
cd k S.by W. 4 W* 8 miles ; from 1 2 to 2, 4 points 
leeway, with the variation is S. 4 W. 6 miles j from 
2 to 7 lay to, the middle point betwixt her falling 
off and coming up is W. allowing 5 points leeway 
with the variation makes S. by W. ^ eftimating 
her drift 1 4- miles per hour is 6 miles i from 6 
to I Q allow 2 4r points leeway, but the variatioti^ 
being die contrary way, makes the courfe correfted 
S. S. E. -^ E. 17 miles ; from 10 to 12 goes large, 
fo there is no leeway, and allowing variation makes 
the cO^irfe S, E. by S* -^-E. 15 miles. The courfes 
being thus correded, and the difference of latitude 
and departure to each l>eing fet down in their proper 
columns, the fum of the weltings is 3 z. i from which 
fubtrafting the fum of the Eaftings 20-0 there re'mains 
1 2< I the departure Weft* The fum of the Southings 
IS xo8a the difference of latitude^ and becaufe thefe 
are too large for the tables, take their halves, the 
neareft to which is 5^,6 difference of latitude, and 
6-7 departure, the courfe correfponding to which 
is S* 70 deg. Weft, diftance 35* and this doubled 
makes no as per column. 

In order to find the latitude, fobtrad the differ- 
ence of latitude made from that {ailed from^ be- 
caufe the fhip is in North latitude, and failing to 
tlie ibuthward, which makes the latitude by account 
48 deg. 9 min. To find the difference of longi- 
lade, the rtiid. lat. is 49, aa to the odd minutes, 
they need not be regarded, look therefore for 49 de- 
grees in ths t^le, whi?h will be at the bottom of 
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the book, and in the latitude column corrcfpond- 
ing thjercto* find 12-1 which is the departure, hut 
12.5 is the neareft, the diftance correfponding to it 
is 19, which is the difference of longitude, and 
becaufe the (hip is in weft longitude, and failing to 
the weftward, it muft be added to the longitude 
iailed from, which makes the longitude the fhip is 

i^ 5 ^^- S3 n^' 

Now having the latitude and longitude the Ihip 

is in, to find the courfc and diftance to any other 
port, fuppofe Cape Finijierj ufe the following me- 
thod as in the operation : i/, Fmd the diflference 
of latitude and difference of longitude, which con- 
verted into leagues is 98 the difference of latitude, 
and "89 the difference of longitude. 2^, Find the 
middle latitude, which is 45 deg. 33 min. or 46 
deg. aeareft, this will be found at the bottom of the 
table. 3^1 Look for 89 (the difference of longi- 
tude) in the diftance column -, and in thq latitude 
column correfponding to that diftance, and 49, deg. 
you will find 61.8 ; but in 45 deg. Tor which is the 
fame thing 4 points) is' 62.9, fo we may call the 
departure 62 miles, and difference of latitude 98, 
the halves of which are 49 and 31, the nearcft to 
theie in the tables is 49.2 difference of latitude, and 
30.7 departure, which makes the bearings oi Cape 
pinifter S. 32 deg. W. diftance 58 leagues, which 
doubled is 116.* 

Ship lat. 48^ 00' N. long. 5^ 33'W. 

Cape Fimpr 43 06 N. i p 00 W. 

.DiiF. lat. 4 54—98 leg. D. l«n^. 4 27—89 leg. 

Sum lat. 91 06 I DiElong. | Dep. | DifF. lat. f Dill. iBearings 



iisM.lat.45 33] 89 I 62 I ^8 [ ii6]gs[S3zo W- 
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In this day's work, 



find 



of q miles 



lis day s work, we una an error or g 
in the latitude, which is correfted by obfervation; 
and tho' it is very |jrobable there may likewife be 
an error in the longitude^ yet, till the longitude can 
be found by obfcrvation at fea, we muft take that 
by account, which, it is prefumed^ will be fafer 
than correcting by the common rules j for a cur- 
rent fetting S. E, or S, W. about half a mile in an 
hour, would make the latitude obferved agree with 
that by account ; and if we happen to millake the 
current by allowing S* E. when it is S.W- we make 
an error of 26 miles j whereas, ifwetnift to our 
account, the error will be on!y 1 3 miles. We arc 
indeed fure, that ^thc diftance by account is too 
fhort ; but whether that be owing to the line, 
glafs^ or current, is very uncertain. , If the drift 
;and fetting of the current could, by any expedient, 
be found, every time the log is hove it might be 
accounted tor, as if it were a courfe and diftance, 
and fet down with the other courfes and diftanccs 
HI the traverfe table. 

After woiking each day^s work from the log* 
book, they may from thence be transferred into the 
jx3urnal> the form of which is hereunto annexed. 
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CHAP VL 

Of finding the Latitude and Variation of the Ccmpdji 
by Cmkpal Obfervation. 

WE have, in the preceding chapter^ fliewn 
how to find the latitude and longitude tfee^ 
fttip is in every day at noOn, and likewife, from 
thence, to find the courfe to any port, which is 
what was at firft propofcd to be perlbrmed by the 
whole art of navigation % but, there are two diffi- 
culties which fcem to be infurmountable ; and yet^ 
if not removed, will deftroy the very foundation of 
the whole ftru6lure. The firft is, that the cirdea 
from whence the latitudes and longitudes -are ac- 
counted are arc only imaginary on the furface of 
the earth, and therefore invifible ; how then is ic 
poiTibte to know, when we are upon the equator, or 
firft meridian, or what diftance we are from either ? 

In anfwer to this, it was obferved in geography, 
that all the circles which are drawn on the terreftrial 
globe, are likewife drawn on the coeleftiah Now 
the heavens arc vifible, where we aftually fee the 
fim and ftars every 24 hours defcribing circles. The 
fim, when in the equinoftia!, which happens twice 
every year, by the diurnal revolution, eitJier of the 
earth or fun, defcribes the equator in the heavens % 
and akho' all aftronomers allow the motbn to be in 
the earth, becaufe they cannot by any machinery 
exhibit tlie various appearances of all the planetSf 
fuppofing the fun to move round the earth \ yet, 
as we confider only the different appearances that 
the fun, or fixed ftars, make to the inhabitants of 
this earth, we may very fafely allow the fun to 
move round the earth as it aftually appears to our 
fenfes, which may be exhibited by a fimple machi- 
nery of paftboarti 

SECT. 
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S E C T. L 

To find the Latitude by Obfervation. 

Let Z P O Q^N S H iE, be a meridian ifi th? 
the heavens, P the ncrfth and S the fouth pole! 
Let A BCD E FGK, be the eatth. To an inha- 
ffaitant any where upon the earth's futface fuppofc 
at A 5 f the Mrhde hearens together withj" the fun 
and ftars would appear to more round every 24 
hours ^ the point P feemingfy Itnmoveatbie, always 
appearing xo him at the fame elevation, which muft 
therefttre be the cc^leftial pole, and P S the axis 
paflSng through the center of the earth •, then Will 
B be the north, and F the fouth pole of ih& ^rth; 
K J) the equator, on the earth, which, if prodticed 
<o the heavens, would be M Q^ the equinoftial. 
The arch K A, on the earth, wotjid bethe fatitdde 
of A ; and Z the zenith : It is c?7ident the arches 
K A and Z M contain the fame ntimbc* of de-\ 
grees ; and as the fpeftator moves either towards 
K or B, he will have a new point in the heavens^ 
ior his zenit^ juft as many degrees diftant from Z 
as he Jias moved JErom A. Now let us fuppofe the 
fon in the equino£tiaI, or a ftar vifible in the pqle^ 
We miy then, by an inftrument, take tiit degrees 
the fun is difUnt from the zenith, or the degrees 
the pole is elevated above the horizon, and either 
x)f thefe will give us the latitude, for thefe two arches 
4158 equd. pian^j;! ^^' ^"^^ 

Now, tiiough there is no Itar in the pole, neither 
15 the fun in the equino6tial but twice ill the year, 
yet as the fuel's declination, and that of feverai ftars 
is known, the latitude may be had by the following 
4?ales •, but it is to be obfcrved, the fun's meridian 
a[ltitude, or zenith diftance, muft firft be obtained 
% a quadrant, or fome other inftrument, and becaufe 

\Q^ th? 
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the fun and ftars in fome latitudes perform their di- 
urnal revolutions above the horizon, whereby they 
will be twice on the fame meridian in 24 hours^^ 
once abovie, and once below the pole^ it muft be 
If nown whether they are at their greateft or leaft al- 
titude^ and Ukewife, whether we are in fouth or 
north latitude at the time of obfervation. 

Case I. Latitude and declination botli norths 
and zenith diftance, fouth ; or both fouth, and 
zenith diftance north, add the declination to 
?enith diftance, the fum is the latiuide. 



1 



Example 
DecK 22 
Z. dift, 26^ 
Lat, 



^ 18' 
20 



48 38 



I. Example 2* 

R DecL 2^ 16^ N. 

S. Z.Dift.j i£ S. 

N* Lat, 3 28 N. 



Case 2- Declination and zenith diftance both of 
one namej that is both north, or both fouth, and the 
latitude of a contrary name^ fubtra£l the zenitl\ 
diftance from the declination, the remainder is the 
ladtude. 



Example i* 
Z.Dift. 70^ 56^ S. 
Decline 22 18 S, 


Exai^ple 2, 
Z. Dift, 5^ 44' S- 
Declin, 2 16 S. 


48 38 N. 


Lat '3 28 N. 



Case. 3. Latitudej declination, and zenith dif- 
tance, all three of one name, this can only hap^ 
pen to thofe who are within the tropics \ and the 
latitude is found by fubtrading the zenith diftance 
from the declination- 

Example. On the 20th of May^ "759» ^^ 
fLin*s meridian altitude, 74 deg. 26 min, and at the 
fame time to the northward of me j required the 
latitude ? 

50 



r 
I 
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90 Declin* by the table 20 o N 

74 26 Zenith ditt i^ 



Merid. Alt. 
Z. Dift 15 



34 



Zenith ditt 
Latitude 



34N 



.26 N 



In all the preceding example^ the fun is fuppo- 

fed to be aboVe the pole ; but when the fun or ftar 
is below the pole, to the altitude, add the comple- 
ment of the declination^ and their fum will be the 
latitude. 

Example. Obferving the upper ftar of die two 
laft in the iquare of the Great Bear to be 1 8 deg* 
;?4 min. above the horizon % required the latitude?, 
I find by the table, the ftar*s declination is 58 deg, 
34 min* -J the complement is 31? 26^ N 

Altd. jj 34 

Lat, 50 00 N 
The latitude and declination may likewife be had, 
by obferving the greateft and Icaft altitude of any 
ftar which makes an entire revolution above the ho- 
rizon in 24 hours \ as in the following example^ 
obferving the aforefatd ftar's zenith diftance to 
be 8 deg. 34 min, the complement 81 deg* 26 
min. is the attitude. 

Leaft altitude 18? 34? 

Greateft 81 26 

Sum 



xoo 00 



Greateft alt, 
Leaft 

bitf, 

i is com, dec« 



81 

il 
62 



26 

5^ 



31 26 



4:fumisthelat. 50 00 

Demmtftration. Draw the circle, and quarter it 
as before *, and becaufe H is the fouth point of the 
horizon, and the fim to the fouthward of the ze- 
nith, in the ift and fecond cafe^ lay off 26 deg. 
20 min. from X to R, which will be the fun's 
place in the heavens at the rime of obfervation, and 
as the fun has north declination, it is certain the e- 
quinoftial muft be to thq fouthward of the fyn> 
therefore lay off 22 deg. iS min. the declination 

from 



r 14 To find thi tatUnie hy Ohfervafton. Chap. VI. 

from R toiE; fo fhall Z M^ be the latitude^ the 
fum of Z R and K M\ again, in the zd cafc,f 
70 dcg. 56 min* is the zenith diftaace which muft 
be laid off from Z to U, and becaufe the dcdina- 
tion is fouth, the fun niuft be to the northward of 
U, therefore laying off 22 deg- 18 min, from U, we 
fhal! have iE Z the latitude^ which is the difference 
betwixt the zenith diftance and declination. In 
the 3d example, Z r is the zenith diftance, and r a 
the declination, fo fliall rf Z be the latitude. 

When the ftar makes an entire revohition above 
the horizon, the tcnith diftance, at the time it is a- 
bove the pole, is Z 4 and the altitude, when below 
the pole, is O 5, and drawing the dotted line which 
is bife£led by the radius C^, we Ihall have O^ the 
lat. and f 4, or f 5, the complement of the decli- 
nation, and it is plain this is half the arch 4^5 the 
difference betwiaet the greateffi and leaft altitude. 
That the elevation of the pole above tlie horizon 
is equal to the latitude, may be thus proved ; the 
arch R Z, and Z P, make go degrees, but the 
arch Z P and P O are 90 degrees, therefore ^ Z^ 
the latitude* is equal to P Q the elevation of the 
pole- J^^^^J^^/^ /^^ 

SECT. IL 
Of iht Ktght Aftenfian af the Sm and Stars. 

The aftronomcrs have calculated tables of the de- 
clination of the fun, and of all the remarkable ftars 1 
but if we do not Icnow at what hour the ftars come 
to the meridian, we Ihall be at a lofe when to begin 
toobfervci to remedy this, the right afcenfion of 
the fun and of all tht:re ftars are likewife collefted 
into a table ; fo the hour that any ftar comes upon 
th? meridian may eafily be foundit 




Sect. 11. Of the Afcenjim of tht Sun or Starst. 1 1 5 
In order to give us a clear idea of the right afcen- 
fion of the fun or of the liars, it will be neceflary 
to obferve, that their apparent motion is^from Eaft 
to Weft V the ftars rife and fet all the year, at leaft 
nearly, in the fame {>oints of the horizon, fo^ their 
declinations may be allowed to continue the fame, 
and of confequence may be fuppofcd fixed in the 
heavens, on each fide of the equinoctial ; and the 
whole heavens, together with the equiiiodlial, fun 
and ftars, performing an entire revolution in 24 
hours. Tbe ftars will return to the meridian in the 
fame fpace of time they performed thqir revolution 
the preceding 24 hours -, but this is not the cafe 
with the fun, for he has an apparent anniial as weiF 
as diurnal motion ; fo that he cannot, like the ftars, 
be a fixed point in the heavens^, elfe he would like 
them rife and fet always in the fame point of the 
horizon*, and that it is not fo, is evident to every 
man's obfervation, witlK)ut the afliftance of any in- 
ftruments. 

The fun*s annual motion is from Weft to Eaft, in 
the ecliptick, which is a great circle in the heavens, 
interfering the equinoftial in two oppfcfite points, 
at an angle of 23 deg. 29 min. Thefe points aftro- 
nomers call Aries and Ubra ; and as the fun is al- 
ways in the ecliptick, and performs a revolution in 
it once a year •, he will be twice in the eqiiinoflial 
every year. Let us then fuppofe him in Aries the 
2ift of March J and at the fame time on our me- 
ridian. 

Now before the heavens has made one entire re*- 
volution, the fun has moved neaar a' whole degree 
eaftward in the ecliptick, fo that when Aries corner 
next day to the meridian, the heavens muft turn 
near a whole d^ree more to the weftward before 
the ftm comes to our meridian : Hence the point of 
the equino6tial that comes to the meridian with the 

fun, 
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fun, will be near a whole degree further fronri ^- 
rks^ than that point of the equinoftial which was on 
the meridian with the fun the preceding day, and 
fo tke llin wiU be continually moving further from 
Jries, til!, having performed his annual revolution, 
he again returns to the meridian with jlries. 

It will be eafy now to conceive what is meant by 
the fun or ftar's riijht afcenfion ; for it is the de- 
grees and minutes ot the ^quinoftial intercepted be- 
twixt the firft point of JrieSy for rather the point 
where the ecliptick inccrftfts the eqninoftial) and a 
meridian paffing through the fun or ftar. 

The right afcenfion of the fun and ftars in the 
tables is given in time, allowing 15 deg. to one 
honr^ which makes one degree of the equinofbial 
four minutes of time, and as the fun's right afcen- 
fion, is given^ when it is on the meridian at noon^ 
it will be eafy to find the hour when any ftar comes 
on the meridian: Forfuppofing the ftar's afcenfion 
15 degrees, or one hour, and the fun's afcenfion 
two hours, it is plain the Itsr will come to the me* 
ridian one hour before the fun that is at 1 1 hours 
fifter midnight, but if the ftar's alcenfion be 14 
hours, and the fim's 13, the ftar will come to the 
meridian one hour after the funj that is at one hour 
after noon ^ hence 

5> find Ibe Time of any Star's coming £0 the Me- 
B ridian. 

Rule, Subtract the fun's right afcenfion from 
that of the ftar, or if the ftar's right afcenfion be 
lefs than the fun's add 24 thereto, and the re-^ 
mainder is the time of the ftar's coming to the me- 
ridian from noon ; if the remainder exceeds 12, 
fubtraft 1 2 from it, the laft remainder is the time 
from midnight* 
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Example i. What time will Fomelbault come to 
the meridian the'aift of OSlober. 

Examp^ 2. "What time will the Buips Eye come 
fo the meridian the 26th of O^ober. 

H. M. 

Froip ftars afcen. 22 40 

Sub. Suns. 1!^ 44 



Hour from noon 


8 


■56' 


Jo ftars afceq. 
Add 


H. 

4 
24 


M. 

21 
00 


Suns afcep. 


28 
14. 


21 
DC? 


gubtraft 
Hour from mid. 


14 

2 


18 
18 



Having thus found at what hour the ftar comes 
to the meridian, it$ altitude may be taken, and the 
latitude found as before direfted, wiien the obferva^ 
tion is by the fun. 

As it frequently happens that the heavens are 
fome times pbfcured, it will be neceflary to know 
what ftars cotne^upon the meridian when an obfer- 
Vation may be had, for which take the following 
rule. 

^ofind what Star will come upon the Meridian at <j- 
ny propofed Hour of the Night. 
Rule. To die fun's right afcenfion add the time 
from noon at which the ftars coming to the riieridi- 
an is required, their fum is the right afcenfion of 
the ftar that comes upon the meridian about that 
time, and this being found* in the table, the ftar 
cprrefponding thereto will be that required^ and 
proper to obferve by. 
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Exitmple. What ftar will come upon the meri- 
dian the yth of ^^pril about 8 at night ? 

Siin's afccHp i 4 

Time from noon 8 o 

Stars afcen. 9 4 

The neareft in the table is 9 h. 14 m* the afcenfion 
of Hydras heart, which therefore conies upon the 
mendiao at 8 h, 10 miii. 
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Of ibe VariaHon of the Compafs. 

The compafs is the only inftmment the marker 
has to diredt his courfe ^ but if the magni:tick nee- 
dle does not poiot oat thci true meridjiin, which is 
frequently tht: cafc^ hti wili be kd into a very great 
error if the variation is not known. 

Now if the ilin or ftar be on the meridian when 
the altitude is not above 15 dcgreesi the bearings 
n'iay be takt?n by an azimuth compafs^ and the va- 
riation thereby di fco vered, this can happen by the 
lun ofily ro thole who live widiin the polar cir- 
cles I we fhair therefore fhew how it may be found 
by the fun*s amplitude and azimuth. 

When the fun is in the cquinoftial, it rifes in the 
Eafb, and fets in the Wtft, and then it has no am- 
plitude y when it has North declination, it rifes and 
icts to the Northward, but when South declinati- 
on, Jt rifes iind fets to the Southward of the Eaft 
and Well, and the degrees of the horizon intercep- 
ted betwixrthe Eaftj and the fun when rifing^ or 

is ths fun*s ampfitude^ 

PROBLEM I. 



the Weft when fctting, 



1 he latitude and fan's dcclioatioo given 
his aniphtude. 



to find 



Exam- 



» 



I 



Sect. tIL Of ihe Sun's AmpUiude. "TT9" 

Exdniple* Latitude 48 deg. 38 min. declination 
22 deg. 18 min ; required the fun's amplitude? Or^ 
which is the fame thing, courfe 48 deg. 38 min, 
difference of Jatitude 3795 ; required the diftance?. 
As co-fine lat* 48 ? 38' 9.82012 

Is to radius 10. 

So is fine decliri- 22 9 18' 9,57916 

To fine ampL 35^ 3' 9.75904 



As co-fme courfe 48^ 38' 
Is to radius 

So is diff, of latp 3795 
To dift, 5743 



10. 

3,75909 



DemonfiraHan. R T, the parallel of declinati- 
on, if Northi cuts H O, the horizon in X> fo 
flrall C X be the amplitude equal to C Y, when 
the declination is South, Pkti V. Fig^ i. 

In the right angled triangle, C/X> equaj C i? Y ; 
the angle at C is 48 deg, 38 min, that being the 
latitude* of which the angle at X is the comple- 
ment Now>if we call the angle /C X the courfe^ 
and C/ the difference of latitude, C X will be the 
diftance, but C/is the natural right fine of the de- 
clination, 3795 i and, as we obferved before* we 
ftiall have no occafion to ufe the natural fine, for 
it is plain, by the preceding operation, we take 
its logarithm* which may be had in the artificials, 
fo the proportion will be, as above, co-fine latitude^ 
£ R ; : fine declin : fine ampL 

In this example, the true amplitude is 35 deg< 
3 min. but if by obfervation it be found 16 deg, 
3 min. Northerly or Southerly, according as the true 
is, their difference 19 deg, is the variation j but if ei- 
ther the true or magnetick be N, and the other S* 
as fuppofing the true 6 deg. 14 min. South* and 
the magnetick 5 deg, i min. North, the variation 

R i# 



Of thi Sun^s 'AmplUuie. Chap. VI. 

is 1 1 deg. 1 5 min ; after the variation is found, the 
courfe may be correifled •, for the true courfe will 
be to the left of that fteered when the variation is 
Wefterly, but to the right when Eafterly, and to 
know whether the variation is Eafterly or Wefter- 
ly, take this general rule. 

When you are looking to the fun at the time of 
obfervation, if the magnetick be to the right of the 
true, the variation is Wefterly \ but if to the left* 
Eafterly % thus^ in the preceding example^ if the 
amplitude was taken at fun rifing, the true would 
be E. 35 deg, 3 min, N. and the magnetick being 
E, 16 deg. 3 min. the variation is 19 deg. Weft- 
erly, and a fhip then fteering North, would make 
the true courfe N* ig deg. W, If the obfervation 
was at fun fctting, the tree is W. 35 deg 3 min, 
N, and magnetick W. 16 deg, 3 min. the variation 
is Eafterly, and then tlie true courfe would be N» 
19 deg, E; hence, if the variation is Wefterly, it 
muft be allowed to the left^ and if Eafterly, to the 
right of the courfe fteered. 



1 
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PROBLEM II. 



The latitude of the place^ the fun's declination 
and altitude given, to find his azimuth. This will 
admit of three different cafes, which maybe folved 
by one general proportion j the third term of which 
muft be obtained by a previous preparation. 

As thecomp* of the lat. and of the altitude are al- 
ways given, we have the fum or difference of thefe 
two arches, hy addition or fubtraftion^ and of con- 
fequence the natnral fine of their fum, or of their 
difference, and alfo the nat. fine of thdr declina- 
tion may be had in the table, (Sec Chap. IIL 
Se£t, 2* J and with thefe wc are to operate as the 
eircumftances require* 

Case 






i 



I 



SicT. III. Of ibi Sun^s jfzimuik m 

Case i. Latitude and declination both North or 
both South, and the obfervation taken in the fore- 
noon after the fun has paft the prime vertical^ that 
is, the azimuth circle paiBng through the Eaft point, 
-of the horizon, or in the afternoon before the fun 
comes to the Weft i or, which is the fame thing, 
when the fun is betwixt the mid day meridian and 
prime vertical. 

Here we muft work by the nat, fme of the dif- 
ference of the two arches, ziz. the altitude and 
complement of die latitude j which is to be added 
Jx> die natural fine of the declination, wliai the " 
comp, ofthe latitude exceeds the altitude: but if 
the altitude be grcateft, the nat, fme of their dif- 
fert:nce is to be lubtrafted from that of the declina- 
tion, and the fum or remainder will be the third 
term of the proportion. 

Case 2. Latitude and declination both North, 
or both South, and the fun betwixt the prime ver- 
tical and midnight meridian, 

Add the altitude to the complement of the lati- 
tude, and find the nat. fine of the fum of thefc 
two arches, from which fubtradl the nat. fine of 
the declination, and the remainder wiU be the third 
term of tlie proporuon< 

Ca^i 3, Latitude and declination, one North 
and the other South. In this cafe the fun is always 
betwixt the mid- day meridian and prime vertical, 
and the comp. of the latitude always exceeds the al* 
titude, and when the difference of thefe arches is e* 
cjual to the declination, the fun is on the meridian. 
Here tlien fubtracl the natural fine of the declina- 
tion of the arches, from the nat fine of the difference 
ofthe arches, and the remainder will be the third term 
c>f tlie proportion, iVi?/e, If the comp. of the lati- 
tude be equal to the altitude, the artificial fine of 
^ihe dedinarion will be the tliir d term of tl^e propor- 
^L tion : 
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tion : the general proportion is as co-fine of the al- 
titude is to the fecant of the latitude ; fo is the third 
term, found as before direftedj to the verfed fine of 
the azimuth. 

It is prefumedj that the variation may be ob- 
tained to lefs than ^ of a point, by Mr M&uniaine*B 
variation chart % fo the obferver may know whether 
the fun is betwixt the mid 'day or mid- night meri- 
dian and the prime vertical, even by the fteering* 
compafs i however, if the refult of the operation 
Ihould exceed the radius, from the natural number 
of that logarithm fubtraft the radius, which is al- 
ways rooaajthe logarithm of the remainder will 
be the artiBcial co-ftne of the azimuth, which muft 
be taken from the midnight meridian, if we ufe 
the nat. fine of the difference of the arches -, but 
if we work by the nat. fine of the fum of the 
arches, the azimuth muft be taken from the mid- 
day meridian. It muft be obferved, if the third 
term confifts of four figures, 9 muft be the index 
of the logarithm i if three figures, 8 muft be the 
index ; if two figures, 7 ; and when it is only one 
figure, 6 muft be the index of the logarithm. Hence 
we may deduce the following general rule : To the 
logarithm of the third term, with the proper index 
prefixed, add the artificial fecant of the latitude, 
and from the fum fubtraft the artificial co-fine of 
the altitude, the remainder will be the logarithm of 
the verfed fine of the azimuth* If we have not a 
table of verfed fines, we may fubtrad loooo from 
the natural number of its logarithm, and the loga- 
rithm of the reniainder will be the artificial co-fine 
pf the azimuth. We fliall illuftrate the whole by 
an example in each cafe. 

Example 1. Latitude 48 deg. 38 min. Norths 
declination 22 deg. i8 min. North ; altitude 41 deg, 
22 min» equal to the comp* of the latitude j therefore 

* co-fm^ 
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co-fine altitude ; feqant latitude : : fine declination : 
verfine azimuth. 

To third term fine dcclipatipn 22^ 18' 9-579i6 
gdd fecant latitude 48 38 10.1798S 

3um «^ . •— ig.75904. 

Co-fine altitude 41^ 22' 9-87535 

iiroiii loutha ■■ I ■ — 

7651 N. verfine of azimuth 76 24 9.88369 
2349 N. co-fine of azimuth 76 24 9.37088 

Example 2. Altitude 15 deg, latitude and de« 
clin^tion as before. 

Preparation, 
To complem. lat. 41^ 22' 
^dd altitude 15 00 

Sum 56 22 N. fine 8326 if 

Declination 22 1 8 N. fine 3 794 

Difierence of the fines 4532 9-65629 

^cant latitude 48*^ 38' 10.1798$ 

$^m 19-83617 

Cprfine aldtude 75 deg* 9-98494 

o / • 

7100 N. ver-fine of azim. from N. 73 8 9*851 23 
J909N. cp-fipeof azim. frpm N. y^ 8 5.46240 

Becaufe it may be doubtful on which fide c^the 
prime vertical the fun may be, at the time of obfer* 
yadon^.weihall work this exaniple by the iiat. fini^ 
pf the difference pf the arches, 

Cpmplcmene 
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Chap, VL j 


Comp. hi. 41*^ 22' 
Altitude 15 00 




Difference 26 22 N*S, 4441 
becUnation 22 18N.S. 3794 


1 


Sum of N, fines 82^5 
Secant kiirudc 48° 38' 


9.91566 

10.17988 


~ Co- fine altitude 


20.09554 
9.98494 


12900 is N. number 


10.11060 , 


lOooo 





2900 N. co-fine as before 



9*46240 



E}(nmple 3. Latitude 48 deg. 38min* North; 
Declination 22 deg* iS min. South, altitude 15 
deg. Required the fun'$ azimuth ? 

In this^ and in all fuch cafes, the fun is betwixt 
the prime vertical and the mid-day meridian, all the 
time it is abo^^e the horizon \ and as the altitude c2m 
never exceed the complement of the latitudct we 
may ufe the difference of the fines, 

Comp^ " ' ^e 41*^ 22' 
^Xltituck 15 ao 



Difference 
Declination 



26 22 RS, 4441 
22 18 RS: 3794 



Secant latitude 48 38 



647 



CO'fme altitude 



deg. 



1014 N. ver-fine of 26 deg, 2 min. 

8g^6 Corrrp, %6 % 



10.17988 

i8,9g07{ 

9-9H94 

9*00584 
9'953i^ 



Sect. IIL Of tbe Sm^$ JzinmtK ^^^S§ 
After finding the true azimuth, the magnctick 

niay be had by obfervation^ and the courie cor- 
rected as before by the amplitude. 

Having now fliewjl how to find the latitude and 
variation of the com pals by coeleltial oblcTYatioiit 
our next bufineis fhail be to confidt^r how far fuck 
obfervations may aflift us in dcterniioing the lon- 
gitude at fea : In order to which, it is neceflary to 
know the exa^ft time even to minutes and leconda 
of an hour, both at the place the ihip is in, and 
likewife of fome other place, whofe longitude is 
known ^ and that at the very inftant of time the 
obfervation is taken : We fhall therefore fhew how 
to find the hour at fea, 

PROBLEM IIL 

Latitude, altitude and declination given to find 
the hour ^ in this we fhall make two different cafes» 
which may be folved by one proportion ; but herc^ 
as in the azimuths, the third term muft be found 
by a previous preparation, which we ftiall illuftrate 
by the fame examples taken before for the aziiiiutlis. 

Case i. When the obfervation is taken before 
fix in the morning or after fix at rught, fubtraft 
the declination from the comp. of the latitude, add 
to the nat. fine of the remaining arch, aBd the 
nat. fine of the altitude, and their fum will be 
the tliird term ; this can only happen when the Lt- 
titude and declination are both North or both South, 
as in the id example* 

Case 2. When the obfervation is taken after fix 
in the mornings or before fix at night, as in the iCt 
and ^d examples, fubtraift the nat. fine of the 
prefent altitude, from the nat» fine of the meri- 
dian altitude for that d^y, and theiemaindef WJ^^ 
be the third term * if it be doubtful wlietiier it is 
paft fix or not at the time of obfefvatior^ we may 

ufe 
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ul& rither of thefe j and if the refult fliotild exceed 
the radius, fubtra£t the radius from it, as before fof 
the azimuth, and the logarithm of the remaindef 
will be the artifidal fine of the hour before fix, if 
we work by the difference of the nat. fines of 
the prefent and meridian altitude i but if we work 
by the fiim of the fines as in the preceding cafe, it 
will be paft fix* After the third term is found, 
ufe the following proportion ; co-fine declin : feft. 
lat : : third term : verfine of the hour. Hence the 
following general rule. 

To the logarithm of third term, add the artifici- 
al fcft. of the latitude, and from the fum fubtrafl: 
the artificial co-fine of the declin. and the remaind-* 
cr will be the logarithm of the verfed fine of the 
hour. Plate V. Ftg^ i. 

Example i* 

H M comp* lat. 41 ? 22 ? N 
^R declin. 22 18 N 



H R men alt* 63 40 N. S. 
H M pre, alt. 41 22 N, S, 


8962 
6609 




Diff. fines is the third term 


2353 


9 
9.37161 


Secant lat. 48 dcg* 38 min. 




10.17988 


Sum 

Co-fine declin. 2 a deg. 1 8 min< 




19,55155 

9*96624 


N* ver-fine of 52*^ 02' is 384S 
Comp. is 37 58 N. S. 6152 
jt deg* 2 min. is before x 2 
37 ^^S" 58 niin. is after fix 


3h.- 
2 h. 


9.58526 

978902 
28 m. 8 f. 
31m. 52 f* 


So the hour at the tUne of obferva- 




tionls 


8h. 


3jm.5a|k 


» 




Example 



Sect. IH. 

CompJat. 41 S 
Declinv 22 


i8 N^ • 


Rem/ 19 
Rpe. 2lv 15 


04 K. S. 326;^ 

00 ..N. 8. -(i58« - 
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Sum of the fines 5855 9*76752 

Sedt.iat. 48 4eg. 3Sinin^ io«i798B 

■ 0*m n\ • li k 

Sum ' 1^.94740 

Co-&ie dedin. 2ideg. 18 min 9^9^24 

• ■■■■' »■ 

N. ver^fiAeof 87 drg. 34 mm. is 9576 9.98 116 

Comp. U 2. 26 N. S. 414 8,62737 

Hene 2 deg^ 26 min. befofie fix o b. 9 m. 44 f. 

S^ii. |j^%« paft midnif^C 5 h. 50 ra. 16 f. 

^ ^ 6h.omiii.of. 

£XAMPL1 3>. 

Hem the meddian altitude is the Tame widi the 
remainder in the preceding. 
Merid.alt. 199 4'N.S. 3267 
Prej«lt. 15 00 N. 1588 

Diflf. of fines ^^19 

Co-fmje decliq. 22^ %i\ 9.96624 

SioJtIat. 48 31 • '. 1.^^1798^ 

Diff- Sines 679 ., ^A^i^^ 

19-OU75 



N. ver-fineof 27^ ij^is jtiio 9-04551 

Comp. is 62 45 N. 5*8890 9.94890 

Demm^r0tm. Draw the parallels .of ahitude 
iE K, and A E, alfo the parallels of decimation R T 

S and 



r 
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and U V, fo fhall D be the fun's place m the hea- 
ven, at the firft obfervatioa \ M D the verfed fine 
of the azimuth to the radius M G» and R D the 
verfed fine of the hour, to the radius R/, and 
drawing an azimuth circle through D, it will in* 
terfeft the horizon in F, ib fiiall C F be the co-fine 
of the azimuth, which may be meafured on the 
line of fines, but this may be done without drawing 
the azimuth circlcp Thus, ill. Draw a radius to meet 
.the parallel of ^dtude in the circumference, which, 
in the I ft Example, will be CJE^ becaufe the com- 
plement of the latitude and of the altitude are e- 
quaL 2dly, Draw D E parallel to C Z, to inter- 
fea C JE in J^; fo Ihall Cb be equal to C F the 
co-fine, and JEh equal to H F, the verfed fine of 
the azimuth, for as the mdius of any parallel o£ al.- 
titude, is to the ratlius of the horizon* fa is the 
fine of any arch in the prrallel of altitude, to the 
fine of a fimilar arch in the horizon i (fee Chap, III. 
Se^AL) now the triangles iECG, and MbD being 
fimilar M G : f the radius of the para! lei J ^ C : : 
(equal C H the radius pf the horizonj MDi Mh 
the verfed fine of the azimuth \ again in the trian- 
gle JEi Dj the angle k JE D is equal to the angle 
PCO, the given latitude, for JE k is parallel to 
P C, and ^ K to H O , the fide JE D is the verfed 
fine of the azimuth to the radius ^ G ; the fide 
JE i is the right fine of the declination, therefore 
making JE k radius, JE D will be the fecant of the 
latitude. Now to find ^ D it will be R: k&. 
Jat : : JE k : M Dj the operation is 

Radius 10^ 

Scd, 48 33 * 10.17988 
Sine ^22 iS' 9<579i6 



1 
1 

I 

! 



^D 




9.75904 P2. V. Fi^. r 

Co- 
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Co-fine alt, 41 d. 22 m. g. 8 753 5 



1 



Radius 

IE. h verfed fine azimuth 



10. 
19.75904 

9.88369 



Here are two proportions, but as in die firft the 

logarithm of the radius is ftibtrafted from the fum 
of the logarithms^ of thefedl. of the lat. and of the 
fine of the tlechn, the remainder giv^s the loga- 
rithm of M D, now in the fecond, the logarithm of 
the radius is again added to that of ^ D ; fo the 
radius may be taken away in both, and then the o- 
peration may be done by one proportion as before. 

Again, if we draw a meridian through D, it will 
cut the equinoftial in q\ fo fhall C j be the fine of 
the Jiour from fix, and M q the verfed fine, which 
may be found without drawing the meridian after 
the fame manner the azimuth was found ; thus, 
ift. Draw a radius C R to meet the parallel of de- 
clination in the circumferenee ; 2dly, Draw D f^ 
parallel ro P S^ to interfed C R in/ j io fhall C^ ^^ 
be equal to C y and Rj* equal to IE q the verletLof 
the hour, (fee ibe dim&nftratwn for ihe aximuth.) 
Now R f is the fine of the meridian altitude, a e 
the fine of the prefent altitude, and R a their dif- 
ference. So, k : Sea. lat : : R ^ : R D=R a x Seft 
lat-rR and co-fine declin : R : : R D : verfed fine 
hour, and omitting the radius in both, we have, 
as CO- fine declination, is to fecant latitude, fo is R ^, 
to the verfed fine of the hour, as before. 

In the 2d Example, jf is the fun's place in the 
heavens at tlie time of obfervation *, B^ is the ver- 
fed fine of the azimuth to the radius » B and T^ 
the verfed fine of the hour to the radius / T \ Qj5 
is the complement latitude, O B the altitude, the 
jirCh Q^O B is their fum, of which B M is the N. 

fine \ 
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fine ; J M the N. fine of die declination and By 
their difference. So, in the triangld B ^ ^5 R ; Seit 
ht ; : ByiBg I and as co-fine altitude is to radius, 
fo is B jf to the verfed fine of the aiLimuth, and o- 
mitting the radius, in both, we have the general pro^ 
portion* as before. 

Again, Q^O is the complement latitude^ Q^T 
the dedinationj and T O their difference, to which 
adding 6 B the altitude, we have the arch T O B,^ 
of which T B is the right fine. In the triangle T Ug^ 
R ; Seft lat : : T B : T^, th^ verfed fine of the hour^ 
to the radius T/5 and co-fine declination : R ; : T^^ ; 
verfed fine hour, and omitting the radius we have 
the general proportion. 

In the 3d Example, H ^ is the complement la- 
titude, H A the altitude, and the arch A JE their 
difference, of which A / is the right fine^ from which 
fubtra£ting the fine of the dechnation we have A x^ 
fo A m may be found as before ; in like manner in 
the triangle U i w?, U i, is the difference betwixt the 
fine of the meridiaii, and the fine of the prefent 
altitude, and U m the verfed fine of the hour. 

Tho* we may find the azimiith and hour by the 
preceding problems, yet as the common books of 
navigation have neither the natural or verfed fines, 
it will be necelTary to fliew how they may be ob- 
tained by the common tables ; and as the rules arc 
founded on the fterepgraphick projeftion of the 
fphere, we (hall refer for the demonftrations to the 
Authors who have treated of fpliericks : but here it 
will be proper to remark, that the quadrant gives 
only the apparent altitude 1 we mufl therefore find 
the true by the following method, 

I, Add. 16 min. for the fun*s femidjater* to th4t 
on the quadrant, if you obfervc by the lower edgei 
but if by yie upper, fubftraft i5 min, 

2. Sub- 



I 
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2» Subtrafl: the refraftion, and the allowance for 
the height of the eye above the horizon from the 
above fum or remainder, l^ote^ if we ufe a back 
pbfervatipn, the allowance for the height of the eye 
muft be added. 

Anothei" tiling to be obferved is^ that the decli- 
nation in the tables is calculated for mid-day, and, 
therefore, a proportional part [of the difference be- 
twixt that, and the declination the preceding day, 
muft be added or fubtradled to that in the tables. 
The latitude muft likewife be had at the time of 
obfervation, by working for the latitude made by 
account fince laft obfervation. We fhall illuftrare 
this by the following example: 

June 3, 1759. Latitude obferved 49deg. 2 min. 
apparent altitude 14 deg. ^^ min. Required the 
true ? 

Slower edge 14° 53' 

add femidiameter o \6 
center 15 09 

Height of eye for 25 feet o 6' 7 Subtraft 9 

Refraftion — r- o 3 3 

True altitude of the fun's center 15*^ o 

The declination the fecdftd day is 2 2 deg. 12 m. 
and the third 22 deg. 20 min. the difference is 8 ; 
one quarter of which, 2, being fubtrafted from 
?o, becaufe it wants only fix hours of noon, make* 
the declination at the time of obfervation 22 deg. 
18 min. Again, the fhip is fuppofed to have made 
24 miles fouthing fince laft obfervation, which makes 
thie prefcnt latitude 48 deg. 3 8. min. 

Having thus found the true altitude, latitude, 
and declination, the azimuth and hour may be 
found by the following rule : . ^ 

i; Add the comp. of the latitude, comp. of the 
^tude, and comp. of the declination into one fum. 

•' 2. From 
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whereby the whole of navigation may be performed 
by right angled triangles alonc^ as was at firfl pro- 
pofeti t and in calculations for the hour it would be 
proper to work both ways, becaufe this is of great 
importance in determining the longitude. 

There are aftronomical tables, calculated to great 
accuracy, which give ihe exaft time when the e- 
clipfes of Jupiter's fatellites Ihall happen at all the 
royal obfervatorws in Europe. Now, as thefe t- 
clipfes are feen, in different places, at the fame ii> 
ftant of time, we need ©nly find the exad time in 
chofe pkccSj at the inftant the tranfits are feen, by 
the preceding problem ; for then the difference of 
time, in hours^ minutes, and feconds, being mul- 
tiplied by 15, would be the difference of longitude^ 
in degrees, &c* betmact the place of obfervationj 
and the obfervatory, from which the longitude is 
accounted ; and it is, by this means, the longitude 
of any place is determined on land ; but as the fa- 
tellites cannot be feen by the naked eye, the inftant 
of the tranfits at fea cannot be obtained, to that 
nicety, requifice for determining the longitude, un- 
lefs fome expedient be found to prevent the ftiip*s 
motion from affefting tlie obfervcr. 

How far Mr Irwin^^ Marine Chair may anfwer 
this end, our readers may judge by what he has 
publifbed on that fubjeift. It Is certain he made an 
experiment of it on board Iiis Majefty's fhip Mag- 
nmnme^ which give great hopes of feeing that im- 
portant point determine* 

S E C T. IV, 4 

DefcripHon mid Ufe of Davis*/ mi H^dleyV 

§Hadrants. 

Dnvi^*s quadrant confifts of t%o arclif s, framed 
Mi faftenca as in Fig> 2. Plan VL Both the ardies 

sre 
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are drawn from the fame center; that of the Ihorteft 
radius contains 60, and that of the longeft 30 deg. 
In order to graduate the arches, from the center H, 
and with the radius H G, taken from any line of 
chords, defcribe a quarter of a circle ; lb the angle 
M H G will be 90 degrees, which may be tranf- 
ferred from the dotted arch to thofe on the inftru- 
ment -, the divifions of the 30 arch beginning in the 
line H Gj and the divifions of the 60 arch in the 
line H M ; fo Ihall the two arches make 90 deg. 

It has three vanes, viz, the horizon vane, fixed 
at H 5 the fight vane, to move on the 30 arch ; 
and the Ihade vane, to move on the 60 arch -, as 
the circumftances require. The inftrument Ihould 
be in fuch a pofition, at the time of obfervation, 
that the line K H pafling from the eye to the flit in 
the horizon vane, m&y be parallel to the horizon, 
when the fhadow of the fun by the fhade vane coin- 
cides with the upper part of the flit ; for then 
counting the degrees on both arches, their fum will 
be the fun's zenith difl:ance. 

Demonftration. Let the line W X be parallel to 
the horizon •, the angles Z H M ^nd M H S, both 
together,- will be the fun's zenith difl:ance -, but 
MHZ is equal to KHG ; for if either of' thefe 
two angles be added to the angle M H K, their funi 
will be 90 degrees •, therefore the fum of the de- 
grees on both the arches will be the fun's zenith 
difl:ance. - ' 

Hadlef% quadrant is the befl: inftrument for takinjg 
altitudes at fea, for the defcription of which we re- 
fer to a pamphlet, publiflied by Mr Watkim^ opti- 
cian, at Gbaring-trofs^ ' which explains the ufe and 
theory of that noble inftrument in a plain familiar 
manner, intelligible to any ordinary capacity : but 
as the degrees on the arch are only divided into 
three equal parts, which are 20 minutes each, it 'N^ill 

T be 
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be neceflTEty to (hew how the altitude may be taken, 
to minutes, and what to allow for the height of the 
eye above the vifible horizon. PL VL Fig. 3, 

Let A B be a part of the arch oi Hadleys quadrant 
|divided into whole degrees, and thefe fubdivided into 
"three equal parts, which will be. aomin, each. Let 
C D, the chamfered edge of the index, contain 3 deg, 
which will therefore be 9 divifions of the arch on the 
quadrant, that is, : 80 min. Now if this fpace on the 
index be divided into ten equal parts, they will be 
Li8 min. each -, and whereas thofe on the arch are 20 
Wniniites, it is plain, when the line in the middle of 
the index unites exadlly with any one of the divifions 
on the arch, fo as to form a ftrait line, it then points 
out either whole degrees, or fubdivifions, which mil 
be either 20 or 40 minutes more, to be added to 
the degrees •, in that pofition the other divifions of 
the index will fall fliort of thofe upon the arch ; that 
marked 2 will be two minutes fliort of the firft divi- 
fion on the arch, next to that which coincides with 
the line in the middle of the index : the divifioa 
marked 4 on the index, four minutes fhorc of the 
fecond on the arch, &c. fo that if the index be 
moved tilt 2, 4, 6, 8, or lO coincide with' any of 
the divifions of the arch, then 2j 4, 6, 8, or lomin. 
muft be added to thofe that would have been ex- , 
prefled by the index, had, the line in the middle of 
ir^ coincided with any of the divifions of the arch \ 
and for the fame realbn, when iz, 14? &^- coincide 
with any of the divifions of the arch, there muft be 
12, 14, &c. minutes added. Hence, as it ftancJsJ 
in the figure, the index exprefs 2 degrees and 53 " 
minutes. 

Now, if inflead of 9 divifions of the arch of the 

quadrant, we take 19, arfd divide that fpace on the 

index into 20 equal parts, they will be 19 minutes 

pach ^ by which means the altitudes may be taken 

L ^9 



Sect. IV. Of the Height cf the Eyi. 



137 



to one minute ; and as to the fcconds (on the land 
quadrautsl there is a brafs nut fitted to Hide along 
the arch, which may be faftened where moft con- 
venient i there is alto a imall pkte, like thedial-pbteof 
a watch, fixed to the nut % through the center of this 
place goes a fcrew, with a fmall index, which moves 
round the plate, while the index of the quadrant is 
moved one minute by turning the fcrew; and the 
dial-plate being divided into 60 equal parts, its in- 
dex will point the feconds, and the divifions, on 
the index of the quadrant, the minutes. Plate VI, 

The viuble and rational horizon, being always 
parallel to one another, and the eye of the obferver 
above the vil'ible, as the quadrant ftands in the fi- 
gure, the fight'Vane muft be moved up to A, before 
the horizon can be feen, fo the zenith dillrance by 
the quadrant will exceed the true by the angle 
AHK, 

In order to find this angle, let mn ht b. part of 
the circumference of the terraqueous globe ; R the 
center ; this, in the plate, is in the line Y Z. NoWj 
fuppoOng the eye at H, 40 feet above the furfacc 
of the fea, the horizon will then be feen at m % 
H T will be a tangent to the farface of the globe 
in the point T, and the ar>gle M H T equal to the 
angle H R T, In the right angled triangle H R T 
is given RT, the femi-diameter of the earth, which 
fuppofe 21 123276 feet, and RH will be 40 feet 
juore, that is, 21 123316; therefore making T R 
radiuSj H R will become the fecaqt of the angle at 
R, and the proportion will be R T : R H : : R : 
Jecant of the angle. 



Operation* 



RT 



21 12 



3276 



7.324728 



RH 21123316 17.324729 



Secant of o*^ 



lo^ooooor 



Now 



13^ Of theliigbi of the Eye. Sect. Vl 

Now becaufe die angle at T is 90 degrees, the 
^ngles T H R and T R H both together make 90 
'degrees i but the angles TH R and THM both 
together make 90 deg, therefore the angle T R H 
is equal to the angle (T H M) A H K, By thk 
operation, the fun*s zenith diftince, as the quadrant 
gives it, exceeds the mm 7 minutes, which muft 
therefore be fubtraiSed from it ; or if we take its 
akitudej we mtift adxj 7 miniites to that on the 
quadrant. 

It muft be obferved, this is when we ufe the back 
obfcrvation ; but when we take the altitude by the 
fore obfcrvatton, as iuppofing the eye at H, that on 
the quadrant will be the arch Sp^ whereas the true 
is S J J their difference is the arch 5 11/, 7 minutes, 
as by the foregoing operation 1 hence, in the fore 
obftrvation, which is that generally ufed by Had- 
ky^s quadrant, we muft fubtrad the allowance for. 
the height of the eye from that on t!ie quadrant/ 

Noie, The proportion that 40 feet has to the dia- 
meter of the earthy is fo fmall, that it cannot be re- 
prefented in the plate^ the dcfign of the figure be- 
ing only^o dt^monftrate the reaioo of the operation i 
and an error in any of the figures which we have 
taken for the femi-diametcr of the earth, will not 
alter the angle half a minate ; fo the tables of the 
dip of tife JioriMn may be allowed fufficiently ac- 
cnrute for the mariner, as to what concerns ch? 
latitude. 
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